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INTRODUCTION 
The study of Ion rearrangements is a remarkably fecund 
area for the present generation of mass spectroscopists. 
Such studies are imperative if the full benefits of element 
mapping and computerized structure elucidation are to be 
made available to organic chemists. Furthermore, studies 
directed toward a more complete understanding of the 
mechanisms of ion rearrangements and fragmentations are 
invaluable to those workers who are trying to understand 
the fundamental changes which occur in a molecule upon 
electron impact. Conversely, knowledge of the structure of 
the ion produced by electron impact is of great assistance 
in mechanistic problems. 
This work explores the question of charge localization 
effects upon ion structure and discusses bond formation 
occurring in unsaturated sulfoxides and sulfones. Ion 
rearrangement is defined as formation of bonds between 
atoms that were not bonded in the unionized molecule. 
2 
HISTORICAL 
The Phenomenon of Mass Spectral Rearrangements 
The present extensive use of mass spectrometry as an 
analytical tool for organic chemists could not have been 
foreseen only a few years ago. Suitable commercial instru­
ments were available in the mid-1940's, but early studies 
of hydrocarbons revealed numerous rearrangement ions whose 
formation appeared to occur via random and unpredictable 
processes (1,2,3,4). These results discouraged those 
interested in the application of mass spectrometry to 
organic chemistry. But later workers found that the 
presence of groups with non-bonding or rr-electrons in a 
molecule brought a measure of order to ion fragmentation 
(l). McLafferty has termed rearrangements controlled by 
functional groups "specific," as opposed to "random" 
rearrangements in alkanes and related compounds (5). 
The hydrogen atom shows a strong proclivity for migra­
tion in electron-impact induced ions. Specific transfers, 
as in the "McLafferty" rearrangement, Eq. 1 (5), and 
scrambling, Eq. 2 (6), occur readily in many mass spectral 
ions. Hydrogen scrambling, even in aliphatic molecules, is 
a frequent occurrence and any mechanistic studies using 
deuterium as a label must be interpreted with care (7,8). 
3 
H 
+ • 0 CEs 
R—CV j^ CEs 
CHs 
-CHp = CH; 
* 
+• 
OH 
R-C=CH2 (1) 
CH=CH-C-R 
8+. 
V -H or ( 2 )  
Bond formation between larger atoms occurs less 
frequently and Is the subject of intense study, including 
several recent reviews (9,10,11,12). 
The probability of a rearrangement occurring is 
related to the stability of the product ion, the stability 
of the product neutral fragment, and the ease of formation 
of the transition state of the reaction (l). 
The ubiquitous tropylium ion (l), whose formation from 
numerous benzylic compounds has been proven by appearance 
potential (15) and labelling data (l4,15,16) is probably an 
example of the stability of the product ion provoking 
4 
CHgX CH2 + 
-X-
-> -> 
m/e 91 
I 
rearrangement. This stable ion is also often formed by 
more involved processes than that shown (see the Results 
and Discussion section of this work). 
Wszolek, McLafferty, and Brewster ( 10) have examined a 
large number of bj^-unsaturated compounds and concluded that 
the extent of rearrangement depends in large measure upon 
the stability of the expelled neutral fragment. . Diphenyl 
ether, for example, undergoes rearrangement with expulsion 
of carbon monoxide to give an abundant ion at m/e 142, 
Eq. 3 (17). Diphenyl sulfide expels the less stable 
PhaO"^* 
m/e 170 
(M-CO)"^* 
m/e 142 
(5) 
carbon monosulfide to a much smaller extent (17). 
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The effect of the transition state upon rearrangement, 
while undoubtedly important, is not easily determined. The 
"McLa.fferty" rearrangement has been shown to occur through 
a six-membered cyclic transition state, Eq. 1, but 
rearrangements occurring through three, four, five 
membered ( l) and larger (l8) transition states have been 
documented. 
The formation of an ion containing atoms not bonded in 
the original molecule is, of course, prima facie evidence 
that rearrangement has occurred. More subtle rearrangements 
can be detected by appearance potential or labelling tech­
niques, as in the previously mentioned tropylium ion. 
Rearrangement ions can often be distinguished from 
ions that are the product of simple cleavage by reducing 
the energy of the ionizing electrons from the usual 70 ev 
to the 15-20 ev range. Rearrangements have a lower energy 
of activation.than simple cleavages because bond formation 
as well as bond breakage is occurring (l,ll). If this 
factor alone determined ion intensities, rearrangements 
would proceed at a faster rate and result in more intense 
ions than simple cleavages at any electron energy. How­
ever, another determinant in controlling the rate of 
fragmentation is the frequency factor, the pre-exponential 
term, v, in equation 4. Equation 4 is derived from the 
6 
k = - (^ ) (^ ) 
quasi-equilibrium theory of mass spectra (19) for the rate 
constant for Ion decomposition where E is the internal 
energy of the ion, E^ is the activation energy, and s is 
the number of effective oscillators in the ion. 
Frequency factors for rearrangement are low because of 
the ordering of the molecule required to attain the transi­
tion state (11,20). For simple bond cleavages frequency 
factors and activation energies are high relative to 
rearrangement and the energy imparted to a molecule by 
70 ev electrons is more than enough for both cleavage and 
rearrangement. Rearrangement is therefore discriminated 
against because of the low frequency factor, although 
rearrangement peaks are often quite intense at 70 ev. 
Lowering the energy of the electron beam favors rearrange­
ment over simple cleavage in two ways. The low energy 
electron beam may not Impart enough energy to the molecule 
to provide the higher activation energy necessary for 
cleavage and the molecule, having less internal energy, 
will fragment at a slower rate. This will allow the 
rearrangement process, with its lower frequency factor, 
time to occur. 
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The fact that rearrangement is a slow process also 
means that the reaction may occur in part after the ion 
leaves the source. If decomposition occurs in a suitable 
field-free region a relatively abundant metastable ion may 
result (11,21). McLafferty and Fairweather (21) have shown 
that metastable abundances can be used to differentiate 
rearrangement processes from simple bond cleavage. They 
postulate that an abundant ion which does not exhibit an 
abundant metastable ion for its formation is not formed by 
a rearrangement process. 
Mass spectrometry became a viable analytical tool for 
organic chemists when it was discovered that non-bonding 
or n-electron sites controlled fragmentation and conven­
tional mechanisms could be written for ion decomposition 
(vide supra). It seemed reasonable (and still does in many 
cases) to depict the ionized molecule as III, where X is any 
atom or group with non-bonding or TT-electrons, rather than 
the more generalized II. 
Charge Localization 
[R—X—R]"^* 
+ • 
R—X—R 
II III 
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A large body of mass spectral literature has accumu­
lated which assumes charge can be localized to an extent 
that rational fragmentation mechanisms can be written (5j22). 
A number of mass spectroscopists have attempted to learn 
whether one may truthfully speak of the charge or radical as 
being localized. The difficulty of such studies is that 
one can only observe the formation and decomposition of ions 
as they arrive at the collector. No product can be trapped 
or observed as in conventional chemistry and the lifetime 
of mass spectral Ions is very short (10"^-10~® sec.). 
Contradictory, and difficultly resolved, views have 
often been advanced, as in the postulation of both TT (23) 
and n-electron (24) ionization in aromatic heterocycles 
such as pyridine. 
It should be noted that the concept of charge locali­
zation almost certainly does not involve initial electron 
removal from one site in the molecule. According to the 
quasi-equilibrium theory (19), an electron may be removed 
from any bond in the molecule to give an electronically 
excited species. This species may not decompose immediately 
and a rapid (relative to rate of decomposition) reorganiza­
tion of electrons can place the charge at the site favored 
by resonance or low ionization potential (3). 
Baldwin, et a^. (25) in a study of ionization 
potentials (IP) of methylated ureas ( I V )  and thioureas ( v )  
9 
concluded on the basis of comparisons with amines and thio-
ketones that the charges could Justifiably be considered as 
localized on nitrogen for the ureas and on sulfur for the 
thioureas. A similar conclusion was reached for semi-
carbazones and thiosemicarbazones (26). 
Junk and Svec (27) determined the ionization potential 
of a number of substituted alkanes and they believe that it 
is legitimate to consider the site of ionization to be 
isolated if one of the substituents has an ionization 
potential below that of the unsubstituted alkane. 
A study of the elimination of neutral molecules such 
as water and acetic acid from steroids showed that the 
eliminations did not occur from either molecular or fragment 
ions when the charge was localized in another portion of the 
molecule by groups with low ionization potentials (28). 
Localization of charge has also been named as a critical 
factor governing the decomposition of bibenzyl (29), trityl 
ethers (50), substituted l-carbamoyl and l-thiocarbamoyl-2-
pyrazolines (51). 
Occolowitz (32) showed that fragmentation could be 
controlled by the phenyl ring in a group of carbonyl 
0 
IV V 
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compoundsf Ph( CHg)^COR (n = 2,3; R = H, OH, CH3, OCH3), when 
the energy of the ionizing electrons was just above the IP 
of the ring. At higher electron energies, the IP of the 
carbonyl group was reached and fragmentation patterns 
changed accordingly. 
Shapiro and Tomer (33) found that substituants which 
lowered the IP of the ring in acetanilides and phenyl 
acetates (e.g., NHa, OMe) appeared to localize more charge 
density on the ring. 
In spite of the above cited evidence Spiteller and 
co-workers (3^) have questioned the need for charge 
localization on the basis of their work with aliphatic 
esters. Since they found that the McLafferty rearrangement 
occurred even though low IP substituents were present at 
another site in the molecule, they postulated that the 
rearrangement could occur without charge or radical locali­
zation at the carbonyl group. This opinion is not 
subscribed to by other workers (3, pp. 18-21 and 155-162). 
Direct proof that the site of ionization can be 
controlled by substituents was obtained from the spectra of 
para-substituted butyrophenones, YPhCOCHgCHaCHa (35). Both 
McLafferty rearrangement and cleavage a to the carbonyl 
group were almost completely suppressed when Y = 
2-NHsPhCHsCHs. Groups that did not suppress these fragmen­
tations were H, PhCHg^ ^rNOaPhCHsCHa, and ^ -CaHyCOPhCHaCHa. 
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The authors attributed the suppression of fragmentation to 
charge localization in the ring remote from the butyryl 
group (Vl), as opposed to ionization on the carbonyl group 
or its attached ring (VIl). 
The dramatic nature of this effect can be seen from the 
ion intensities in Table 1. 
It is not clear whether charge localization in these 
compounds is caused by the lower ionization potential of 
the ring with the amino group attached, the resonance effect 
of nitrogen's lone pair electrons, or a combination of both. 
C3H7C 
VI 
C3H7C (M-28), (M-43), (M-71) 
VII 
12 
Table 1. Characteristic ions in the 75 ev spectra of 
£-substituted butyrophenones (35) 
Y M M-28 M-43 M-71 IP (ev) 
H 100 28.9 470 230 9. 38 
PhCHa 100 128 2650 47 8. 69 
p-NOgPhCHsCHs 100 94 3000. 2 9. 10 
p-CsHyCOPhCHgCHs 100 99 2600 40 8. 91 
p-NHsPhCHgCHs 100 <1 8 1 8. 14 
etc, 
Charge localization on the benzene ring in methyl 
4-phenylbutyrate also seems to be responsible for suppres­
sing the McLafferty rearrangement and a-cleavage when 
X = Ph, MeO, and NHs (VIIl) (36). 
13 
X CH2CH2CH2CO2CH3 
VIII 
Charge transfer from one site in the molecule to 
another was considered unlikely by Wachs and McLafferty 
(35) since they found that such ions as (M-C2H4-C2H4) and 
(M-C2H4-C3H7) were of very low abundance in the p,p'-
disubstituted bibenzyl system when the substituents were 
butyryl. 
This viewpoint was strongly questioned by Mandelbaum 
and Biemann (57) as a result of their work with some 
substituted cyclopentanes. Both IX and X give double 
rearrangement ions and it was concluded that the charge 
CH2 = 
14 
(and/or radical) site must have migrated through the a-
bonded insulating system. Numbers in parenthesis refer 
to ion intensities (Figure l). 
These workers conclude that the charge should not be 
considered as completely localized even if it has been 
shown to be present in a specific area of an ion at the 
time of its formation. They feel that the charge will be 
free to migrate to other areas in the ion, even if they are 
separated by several sigma bonds. In their opinion, this 
migration is governed by the ionization potentials of the 
various sites. It has been pointed out that charge should 
be able to migrate through an alkyl chain as long as the 
energy of the ionizing electrons is above the ionization 
potential of the chain (38). 
In addition to the question of localization of charge, 
the location of the unpaired electron should be considered 
for odd electron ions. McLafferty (39) has proposed that a 
more satisfactory approach than charge localization 
involves separate consideration of the effect of the posi­
tive charge and radical sites. It is suggested that 
mechanisms which require homolytic bond cleavage are 
controlled by the radical and those involving heterolytic 
cleavage are controlled by the positive charge. An example 
is found in the two cleavages of aliphatic ethers shown 
below. 
C4H9C 
IX (100) 
0+ 
> C4H9C 
= CH2 
(1200) 
C=CH2 
CHP=C 
(1600) 
+ •  
-CaHf 
NHCCH3 -C3H6 ^ C4H9C 
X (100) 
-CH2=C=0 
CH2=C 
0+* 
11 
NHCOHs 
H 
VJ1 
Figure 1. Charge transfer through a-bonds In IX and X 
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/'~N 4-
R'-CHg-O-R > R'* + CH2=0R (controlled by radical) 
+ • 1  
R'-CHg-OrR > R + R'CHaO* (controlled by charge) 
Separation of charge and radical site effects is not 
easy, although McLafferty's group has found evidence from 
substituent effects studies on butyrophenones (4o) and 
triphenylcarbinols (4l) that the unpaired electron in 
molecular ions furnishes an important driving force for 
rearrangement. However, Nicoletti and Lightner (42) found 
it difficult to arrive at a conclusion regarding radical 
and positive sites in their study of substituent effects 
upon the McLafferty rearrangement in n-butylbenzenes. 
Objections have been raised by some who would prefer 
using the quasi-equilibrium theory (19) instead of charge 
localization for interpreting ion fragmentation (8,38). 
It is argued that localized charge structures are a naive 
and simplistic method for depicting ion structures, 
especially in view of the work of Mandelbaum and Biemann 
(37). In the quasi-equilibrium theory it is assumed that 
the energy of the excited molecular ion is rapidly and 
uniformly distributed over all accessible quantum states, 
subject to energy and angular momentum restrictions. It 
is further assumed that for a given internal energy there 
will be a marked tendency for low-lying electronic states 
17 
to be more highly populated (38). A substituent of low 
ionization potential is expected to introduce new, highly-
degenerate low-lying electronic states. These in turn 
create a considerable fraction of ions which do not possess 
enough energy to undergo fragmentation at sites remote from 
the low IP substituent (8). Proponents of the quasi-
equilibrium theory feel that localization of charge or 
radical character at the site of fragmentation is not 
necessary for fragmentation. They believe that enough 
vibrational energy in the appropriate vibrational degree of 
freedom is all that is required for fragmentation (8). 
Results to be discussed in the Results and Discussion 
section of this thesis seem to be in disagreement with 
these assertions. 
The electron-impact induced fragmentations of nitro 
aromatic compounds have been extensively studied and 
reviewed (2,45). The most prominent mechanistic feature of 
their spectra is usually a large M-NO peak. This ion must 
arise via rearrangement to a nitrite ion and a mechanism 
has been written for the process (4^). 
Beynon and co-workers (45) noted that transition state 
XI is a three-center four-electron bond in the unionized 
molecule. The reaction becomes facile in the mass 
18 
spectrometer because, in the words of the authors, "one of 
these electrons will be removed and a more favorable 
activated state is possible." 
The rearrangement also occurs in photolytic processes 
(44) and a similar mechanism using electron excitation 
instead of electron removal can be written. However, it 
appears that electron removal or excitation may not be 
necessary for the process since thermolysis of nitrobenzene 
at 600°C gives some phenol, presumably from nitro-nitrite 
rearrangement (45), although these are rather brutal 
conditions. 
I 
Meyerson, Puskas, and Fields(46) discovered a substi­
tuent effect upon NO loss in substituted benzenes. 
Specifically, g-nitrobiphenyl, g-nitroaniline, and £-nitro-
19 
phenol exhibit much greater loss of NO from the molecular 
ion than do the corresponding meta isomers. 
A large energy loss accompanying ejection of NO was 
noted in the spectra of £-nitrophenol and £-nitrophenetole 
(47). This energy loss was attributed to the high activa­
tion energy required to effect the nitro-nitrite rearrange­
ment. 
Release of excess kinetic energy in a decomposition is 
detected by the observation of a "flat-topped" metastable 
ion for the process. Beynon, et (48), observed such a 
metastable ion for the M—NO process in ortho and para-
aminonitrobenzene and derived an expression for the 
calculation of energy released. 
parent ion 
daughter ion 
width of f.t. m*(a.m.u.) 
decrease in internal energy 
electronic charge 
accelerating voltage 
A thorough examination of 27 meta and para substituted 
nitrobenzenes by Bursey and McLafferty (49) revealed that, 
although a metastable ion appears for the M—NO process in 
each compound, the metastable ion is flat-topped for only 
five of the compounds studied. The substituents on these 
mi = 
mg = 
, _ 4 ïïia^ /(mi-ma) t\ 2 d = 
G - mi \ mseV j ^ 
e = 
V = 
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five compounds are shown in Table 2, along with the calcu­
lated energy release ( T) . 
+ • I 
Table 2. Energy released in YC6H4NO2 -• YCsH^O (49) 
X T ( ev) 
£-N(CH3)2 0.84 ± 0.02 
0.85 ± 0. 04 
£-0H 0.74 ± 0.06 
g^-OCHa 0.56 ± 0.06 
£-Ph 0.28 ± 0.06 
Since the five substituents which gave a flat-topped 
metastable ion are electron donating by resonance, the. 
authors proposed that energy was released due to product ion 
stabilization by resonance. 
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A study by the same authors ( 50) of substituent effects 
on the mass spectra of bibenzyls also gave dramatic support 
for the postulation that product ion stability is a major 
driving force for mass spectral reactions. 
McLafferty and Bursey also studied the effect of 
substituents on the loss of CO from the doubly-charged 
molecular ion of benzophenones (51)• They found that 
substituents which enhanced radical localization at the 
site of bond breakage (Y = KHa, OMe, OH) caused the CO 
loss to increase. 
This suggested that partial localization of the 
radical site at the carbon atom attached to the NOg group 
might be an important driving force for the nitro-nitrite 
rearrangement, in addition to stabilization of the product 
ion of NO* loss (^9). 
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Bursey (52) provided elegant proof of the theory that 
resonance stabilization of the product ion could enhance a 
mass spectral process by demonstrating steric hindrance of 
resonance in XIII and XIV, Y = ( 01^3)2^ and Y = OMe. 
+• -NO* 
Y <\ ^-NOs > Y 
XII 
Cl Br 
•NO; 
Br 
XIV 
NO2 
CI 
He measured the ratio of M-NO/M in these compounds 
with Y = OH as the standard. The dramatic decrease in the 
M-NO ion in those compounds where steric hindrance to 
resonance may occur is obvious from the ion intensities in 
Table 3. 
Another feature of the spectra of nitroaromatics is loss 
of NO2 from the molecular ion (2,4$). Whether the origin of 
this ion is unrearranged nitrobenzene or a nitrite ion was 
23 
Table 3. Effect of steric hindrance of resonance on ion 
intensities (52) 
Y XII 
Z/Zo* 
XIII XIV 
HO 1.0 1.0 1.0 
HgN 1.2 1.0 0.70 
CH3O 1.4 0.06 0.08 
(CH3)2N 0.83 0.04 0.03 
= (M-NO)/M, Zo (Y = OH) . 
considered recently by Shapiro and Serum (53). The ratio 
(M—N0)/(M—NOg) in some substituted nitrobenzenes was 
seen to increase as progressively lower energy electrons 
were employed. Since rearrangement ions (M-NO) normally 
increase relative to simple cleavage ions at low electron 
voltages (vide supra), it was concluded that the M-MOg 
process probably occurs from unrearranged nitrobenzene ions. 
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Rearrangements in Sulfoxides and Sulfones 
Ions due to skeletal rearrangements are a prominent 
feature of the mass spectra of organosulfur compounds. 
Processes of the type A-B-C - A-G + B are very common, as 
are other isomerizations of the molecular ion. A large 
body of work has been devoted to these rearrangements and 
recent reviews are available (9,12). 
The spectra of aryl sulfones contain prominent ions 
due to ArSO^ and ArO"'" ( $4). 
The authors feel that migration of an aryl group from 
sulfur to oxygen implies that the electron deficiency is 
largely localized in a nonbonding oxygen orbital. They 
suggest that interaction of the orbitals of the electron 
rich aryl group with the electron deficient center results 
in rearrangement to a sulfinate ion ( XV), which can decom­
pose to give the observed ions. It should be noted that 
charge localization on the ring could give the same result. 
ArSO* + ArO + 
( ArSOaAr) 
ArSO + 
25 
0 
-> ( Ar-O-i-Ar') "^ 
XV 
Another rearrangement often observed is loss of a 
neutral fragment from the center of the molecule. It 
appears that SO loss from diaryl sulfoxides is stronger 
than SO2 loss from the corresponding sulfones (55,56). 
Surprisingly, SO loss is also stronger than SO2 loss 
in XVI, even though SO loss probably occurs from a 
rearranged ion such as XVII (57). 
m/e 216 (100) YVTT 
+. 
m/e 152 (5.1) m/e 168 (4o.8) 
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It is possible that both SO and SO2 are lost from XVII 
and that SO loss predominates because dibenzofuran is more 
stable than biphenylene. 
Compound XVI also undergoes successive losses of two 
molecules of carbon monoxide, indicating that both oxygen 
atoms become bonded to carbon in some manner. 
A rather extensive study of sulfoxides and sulfones 
(56) revealed that extensive C-0 bond formation occurs in 
aromatic compounds, but no such rearrangement was noted for 
dialkyl compounds. Other work on alkyl sulfoxides (58) and 
sulfones (59) corroborated these results. 
An interesting rearrangement leads to loss of CHaS from 
methyl phenyl sulfoxide and CHsSO from methyl phenyl sulfone. 
The following mechanisms are written for these processes 
(12,56). 
CH3 4-. 
-> 
ÇH3 
0=8=0+' 
-> 
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It seems likely that the expelled molecules are thlo-
forma.ldehyde and thioformaldehyde S-oxlde, the simplest 
sulfine. These molecules will be considered in detail in 
the Results and Discussion section. 
Aryl sulfoxides were also shown to undergo a sulfoxide-
sulfenate rearrangement in a manner analogous to that 
discussed for sulfones (56). 
f +• . 
Ph-S-Eh > Ph-O-S-Ph . m/e 65 
^ 4- ~ " PhO+ 
Migration of the thienyl group from sulfur to oxygen 
was observed in the spectra of the three dithienyl sulfones, 
XVIII-XX (56). 
OI4J) ITTLsi]) Cjlini 
XVIII XIX XX 
The formation of sulfenates from sulfoxides is respon­
sible for thermal and photochemical stereomutation of 
sulfoxides (60) and sulfone-sulfinate isomerization has been 
shown to occur chemically (61). 
28 
H 
H MsBr(O-t-Bu)^ 1' Ph 
& 
Heiss, Zeller, andZeeh(62) investigated C-0 bond 
formation in cyclic sulfoxides and suifones. The loss of 
CDO from the molecular ion of XXI indicates that C-0 forma­
tion is specific, at least in this compound. 
Other cyclic sulfones also undergo extensive C-0 bond 
formation before decomposition (63,64). 
The belief that aromaticity or unsaturation is required 
for sulfoxide-sulfenate and sulfone-sulflnate rearrangement 
(3,54) has been dealt a severe blow by recent high-
resolution studies which prove the existence of CHsS^ and 
CH3O ions in the spectra of dimethyl sulfoxide (65) and 
methyl vinyl sulfoxide (66). No metastable ions are 
XXI 
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reported for their formation, but their existence is good 
evidence that methyl migration has occurred. Vinyl group 
0+-
II +• _SR. 4-
CHa-S-R > CH3-O-S-R —^iL_> CHaO^ 
+ CH3-S-O-R "RO' > CH3S+ 
migration is also observed in the spectrum of methyl vinyl 
sulfoxide (66). 
The loss of SO or SO2 is a very common occurrence in 
unsaturated compounds. In addition to the diaryl sulfoxides 
and sulfones mentioned previously, such a loss occurs in 
methyl vinyl sulfoxide and sulfone (67). Loss of SO2 is 
also observed in the mass spectra of sulfonyl ureas (68), 
sulfonylthioureas (69), and sulfonamides (70,71). 
Caged keto sulfones ( XXIl) (72) and aryl sulfinylamines 
(XXIII) (75) lose SO2 (XXII), SO(XXIIl), and CO (XXII and 
XXIIl) from the molecular ion. 
N=S=0 
Ô 
XXIII XXII 
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Many other bis-unsaturated compounds lose stable frag­
ments from the center portion of the molecule. A recent 
review is available (lO, and references contained therein). 
The loss of CO from a rearranged form of the molecular 
ion is certainly not peculiar to sulfoxides and sulfones. 
Some other compounds in which this occurs are aromatic 
N-oxides (74,75), nitrones (76,77), aromatic azoxy com­
pounds (78), azoxybenzenes (79), and g-nitro styrenes (3, 
chapter I6, 80). 
Carbon-13 labelling has demonstrated that the carbon 
atom lost in CO comes from the aromatic ring in some of 
these compounds (76,80). 
31 
RESULTS AND DISCUSSION 
Charge Localization and Transfer 
Charge localization 
A priori, the loss of NO from the molecular ion of £-
phenoxynitrobenzenes should be accompanied by a release of 
kinetic energy and the appearance of a flat-topped meta-
stable ion. Bursey and McLafferty (4$) showed that such an 
ion appeared in the spectra of nitrobenzenes with para 
substituents capable of stabilizing the product ion by 
resonance. A £-phenoxy group should also have this effect. 
XXIV 
32 
This expectation is realized in the spectra of £-
phenoxynitrobenzenes when Y (on ring B of XXIV) is an 
electron withdrawing atom or group. Substituents which are 
electron donating by resonance cause a radical change in the 
fragmentation pattern. Namely, the M-NO process is almost 
completely suppressed and the previously flat-topped 
intense metastable ion is no longer in evidence at all. 
The relative intensities of the M-NO and M-NOg ions in the 
compounds studied are given in Table 4. All spectra 
discussed in this thesis were taken at 70 ev unless other­
wise specified. 
This dramatic substituent effect cannot be attributed 
to product ion stabilization by resonance for three reasons 
that are Independently self-sufficient. First, resonance 
forms which might be written for product ion stabilization 
by a substituent on ring B of XXIV must include a tetra-
valent ether oxygen with ten electrons in the valence shell 
(XXV) or an unlikely dipolar ion. Second, even if such a 
resonance form was tenable 
XXV 
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Table 4. Effect of substituents on loss of NO and NOg 
from XXrv 
Y (M-NO)^ (M-NO2) IP of PhY, ev (81) 
10.0 5.4 9.24 
2-Br^ 4.5 1.7 8.98 
m-Br^ 7.5 1.5 
0
 1 9.1 2.8 9.07 
m-Cl^ 12.9 2.4 
2-F^ 7.5 2.9 9.20 
ra-F^ l4.1 5.5 
£-CN^ 20.8 4.4 9.71 
m-CN^ 21.4 4.2 
£-CF3^ 19.2 2.5 9.68 
m-CFa^ 48.5 5 . 8  
g-NOgb 20.0 4.0 9.92 
2-CH3 5.5 4.8 8.82 
in- CH3 6.2 2.5 
£-t-BU 5.4 0.0 8.68 
m-t-Bu 4.6 0.0 
.^-OCHa 0.0 5 . 5  8.22 
^Molecular Ion = 100. 
flat-topped m* was observed for M -* M-NO. 
^A large, but not flat-topped, m* was observed for 
M M-NO. 
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Table 4 (Continued) 
Y (M-NO)^ (M-NO2) IP of PhY, ev (81) 
m-OCHa 1.7 2.4 
£-Ph 1.1 3.2 8.27 
m-Ph 0.0 2.0 
2-NH2 0.4 19.1 8.70 
m—MH2 0.0 5.3 
£-0H 0.8 5.6 8.50 
m-OH 2.2 2.2 
£-OPh 0.0 2.4 
m-OPh 0.0 0. 0 
the substituent effect would be opposite to what is 
observed; that is, electron-donating groups would enhance 
the reaction instead of suppressing it. The third reason 
that product ion stabilization cannot be responsible for 
these results is that meta and para substituents have an 
essentially identical effect upon the M-NO process. Again 
assuming that resonance form XXV is possible, meta substi­
tuents in ring B should have no effect on product ion 
stability. 
These results can be explained by invoking the concept 
of preferred localization of charge (27,35)• A substituent 
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which can stabilize the charge on ring B prevents the nitro-
nitrite rearrangement and subsequent loss of NO. The 
rearrangement is probably triggered by the unpaired electron 
in the non-bonding orbital of an NOg group oxygen atom (43). 
The failure of these substituents to affect the M-NOg 
process will be a subject for later consideration (vide 
infra). 
CI 
+• 
f. t.m*" 
+ 
0 0 
+, 0 0 
A B 
XXVIa 
The structure drawn for XXVIa is only a convenient 
method for depicting the charge on ring B. A canonical 
form, XXVIb, is just as valid. 
+• 
XXVIb 
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Localization of charge in ring B can cause fragmenta­
tion to occur at that locus. XXIV (Y = OCH3), for example, 
loses the methyl group and XXXV (Y = OH) loses carbon 
monoxide, a common process for phenols (3, chapter 2) . "When 
Y is an amino group, however, one does not observe the loss 
of HCN from the molecular ion as might be expected (3, 
chapter 8). 
When Y is an alkyl group (CH3 or t-Bu) the charge is 
apparently distributed between the two rings, since both NO 
loss (without a f.t. m*) and loss of H* (Y = CH3) or CHa* 
(Y = t-Bu) can occur from the molecular ion. 
Other fragmentations of the molecular ion are unremark­
able. Simple cleavage on either side of the ether oxygen is 
common, as is loss of both substituents to give an ion at 
m/e 168 which decomposes by a loss of CO.. The M-NO2 ion 
also loses CO in some cases. 
XXIV 
-Y-
m/e l40 * 
V 
m/e 168 
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The question arises whether the localization of charge 
on ring B is due to resonance stabilization of the charge 
or the low ionization potential of the electron donating 
groups. The IP's of some substituted benzenes are included 
in Table and it is seen that the substituents which lower 
the IP of the benzene ring also suppress the M-NO process in 
these ethers. Proponents of the quasi-equilibrium theory 
might therefore argue that the low IP substituents on ring 
B are creating new low-lying electronic states from which 
the M-NO process cannot occur. 
Further consideration of these results leads to the 
conclusion that resonance stabilization of the charge in 
ring B is more likely to be responsible for suppression of 
the M-NO process than the low IP of these substituents. 
If the IP alone is the controlling element in deter­
mining where fragmentation can occur, no fragmentation of 
the nitro group should occur in these ethers. Since all of 
the substituents studied have a lower IP (on a benzene ring) 
than the nitro group, charge should be localized on ring B 
in all cases. 
The meta and para chloro substituents, for Instance, 
should cause the IP of ring B to be ca. 0.85 ev less than 
that of ring A (9.92 minus 9.07, Table 4), yet NO loss is 
strong and the flat-topped metastable ion indicates that 
energy is released in the process. Further lowering of the 
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IP of ring B by only 0,57 ev occurs when the chloro substi­
tuent is replaced by an amino group, but the M-NO process 
with its associated metastable ion is almost completely 
eliminated by this change. 
It does not seem reasonable to expect such a dramatic 
transformation of the spectrum to occur upon such a modest 
lowering of the IP of ring B. It is proposed, instead, that 
the nonbonding and TT electrons of groups which suppress the 
M-NO process create canonical forms (XXVIa and XXVIb) which 
localize the charge on ring B. 
An apparent flaw in this proposal is the failure of 
the fluorine atom to stabilize charge on ring B. Carbonium 
ion stabilization by an a-fluorine atom does occur in the 
strong acid solutions studied by Olah and co-workers (82,85). 
Bursey and McLafferty included £-fluoronitrobenzene in their 
previously mentioned work on the M-NO process (4-9). The 
fluorine atom did not provide resonance stabilization of 
the phenoxy ion, in contrast to the electron donating 
substituents (Table 2). 
<—3E—> 
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It appears that no simple correlation exists between 
Olah's ions and electron impact induced ions. So the 
failure of fluorine atoms to localize the charge in ring B 
does not necessarily weaken the resonance stabilization of 
charge theory. 
As noted previously, the M-NOg process is not affected 
by the character of the substituents on ring B, with the 
exception of the inexplicably large M-NOa ion when Y = 
An increase in the (M-N0)/(M-N02) ratio in the low ev 
spectra of nitrobenzene has been interpreted to indicate 
that NOa loss occurs from an unrearranged ion, in contrast 
to the nitro-nitrite rearrangement required for NO loss ( 55). 
These ethers (XXIV) also showed an increase in the (M-NO)/-
(M-NOa), ratio at low ev. 
The quasi-equilibrium theory can adequately explain 
simple bond cleavage (M -• M-NOa) with its supposition that 
sufficient vibrational energy in the appropriate vibrational 
degree of freedom is all that is required for fragmentation 
(8). However, rearrangement processes (M-» M?NO) apparently 
require that the charge or radical be localized so that bond 
formation can occur. 
The failure of the M-NOa process to respond to the 
substituents in ring B is in contrast to other systems in 
which charge localization suppresses both rearrangement and 
4o 
simple cleavage (35^56). 
An intriguing, but very unlikely, possibility is that 
the M-NO and M-NO2 processes are triggered by charge locali­
zation at different sites in the molecule. It has been 
postulated that the nltro-nitrite rearrangement is triggered 
by charge (and radical) localization on the nitro group (43). 
If the bond cleavage leading to NOg loss is triggered by 
charge localization on ring A (XXVIl), then it is 
conceivable that this process might not succumb to the 
effects of resonance stabilizing groups on ring B, in 
contrast to the nltro-nitrite process. 
A B 
-NO; 
-> 
XXVII 
It should be noted that charge localization on the 
nitro group requires heterolytic bond cleavage for NO2 loss 
rather than the homolytic cleavage depicted for XXVII. 
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The theory of charge localization is further 
strengthened by the observation that NO loss does not occur 
in proportion to the number of nitro groups in the molecule. 
A statistical loss does seem to occur when Y = £-N02 vs. 
Y = H (XXIV, Table 4), but the spectrum (Table 5) of XXVIII 
shows only a small increase in the M-NO peak compared to 
XXIV (Y = 2-NO2). 
NO; 
0 O2 
A 
XXVIII 
Table 5. Partial mass spectrum of XXVIII 
m/e Relative Intensity 
305 (M+) 100 
275 (M-NO) 25 
259 (M-NO2) 5 
229 (M-NO-NO2) 7 
Even this increase may be partially discounted since 
the two nitro groups of ring B are in the meta position. It 
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can be seen in Table 4 that in all cases where NO is lost 
to a significant extent, groups in the meta position of 
ring B (XXIV) enhance the NO loss. It is possible that 
charge localized on the ether oxygen somehow affects the 
nitro-nitrite rearrangement. However, the ether oxygen 
must not control fragmentation since these compounds do not 
lose GO from the molecular ion, a common process in diphenyl 
ethers (17). 
XXIX and XXX exhibited a flat-topped metastable ion for 
the M-NO process, although the M-50 peak was small {<2% of 
M'^  . 
XXIX 
0 
XXX NOa 
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Œhis indicates that electron donation by the phenoxy 
group (XXIV, Y = OPh) can be suppressed by the electron with­
drawing nitro group. Of course, there still exists the 
possibility that this is due to a statistical effect of two 
nitro groups in the molecule (vide supra). 
Measurement of the width of the flat-topped metastable 
ion for NO loss should give the amount of kinetic energy 
released in the process (48). The nitrobenzenes studied by 
Bursey and McLafferty (49) had energy losses of 0.38-0.84 
ev. Table 2. Unfortunately, the instrument used in this 
study gave f.t. m* ions which were approximately the same 
width (3 amu) in all cases. So calculations of the differ­
ences in energy released in these molecules is meaningless, 
since the molecular weight of the molecules is the only 
variable. The calculated energy release varies from 0.77 ev 
(Y = CPs) to 1.15 ev (Y = H). The proximity of these values 
to those of Bursey and McLafferty (49) is an indication that 
resonance stabilization of the product ion by the phenoxy 
group is energetically similar to stabilization by the 
substituants studied by these workers. 
Five thioethers were examined to determine if the 
charge localization effects were similar to those found in 
ethers. Also of interest was the possible transmission of 
electronic effects through the sulfur atom. Table 6 gives 
the pertinent ion intensities for these sulfides (XXXl). 
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A 
S 
B 
XXXI 
Table 6. Effect of substituents on loss of NO and NOg 
from XXXI 
Y M M-NO M-NOg 
100 5.2 12.4 
£-Cl^ 100 6.7 6.7 
p-Br^ 100 7.7 4.6 
£-NH2^ 100 16.7 
m-NHa • 100 0.0 11.0 
^A f. t. m* was observed for M -* M-NO. 
^A large, but not f.t. # was observed for M- M-NO. 
"^A small 1# was observed for M - M-NO. 
The loss of NO from the molecular Ion is a favorable 
process in these compounds, as in the ethers, when Y is an 
electron withdrawing group. Therefore, the thiophenoxy 
group can be added to those which stabilize the M-NO ion. 
y 
[XXXI] —> î 
A 
V 
Y 
0: 
The £-NHa group does not suppress the M-NO process as 
completely as It does for the ethers studied. In fact, the 
weak nf observed for the M-NO ion in XXXI (Y = ^ -NHa) is 
the first m* to be seen for ethers or thioethers with an 
electron donating group on ring B. 
It is possible that the £-NH2 group is providing 
further resonance stabilization for the product ion of NO 
loss by transmission of electronic effects through tetra-
valent sulfur. This resonance form is possible for sulfur 
because of the presence of low-lying unfilled d orbitals 
(84, p. hj>). Transmission of electronic effects through 
sulfur in diphenyl sulfides also occurs in solution (85, 
and references contained therein). 
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•NHa NHa 
A 
V 
0 
+ 
Farther proof that this type of stabilization is 
occurring is found in the spectrum of XXXI (Y = m-NHa). The 
meta amino group cannot contribute to resonance stabiliza­
tion of the M-NO ion, so charge localization effects should 
predominate. As expected, NO loss does not occur from the 
molecular ion of this compound. 
The preceding discussion illustrates the difficulty of 
interpreting charge localization effects. Both the meta 
and para amino substituents should stabilize the charge on 
ring B of XXXI, yet some charge leaks to ring A and allows 
NHa 
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the nitro-nitrite rearrangement to occur when Y = ^ -NHg. 
But if the charge is truly localized on ring B when Y = 
m-NHa, why is it not so localized when Y = ? It 
appears that an answer to this and other questions must 
await more detailed knowledge about ion fragmentation 
theory. 
Charge transfer 
While the site of charge localization in the molecular 
ion can often be predicted and even controlled, the transfer 
of charge in fragment ions occurs in less predictable 
fashion. This discussion will refer only to charge transfer 
which leads to rearrangement of ions since it has already 
been shown that simple bond cleavages are not responsive to 
charge localization effects. 
The ethers (XXIV) in which fragmentation occurred in 
ring B (Y = OCH3, t-Bu) did not undergo NO loss from the 
M-I5 ions. Furthermore, successive losses of NO were not 
observed in the spectrum of XXIV (Y = ^ -NOg), although NOg 
was lost from both the M-NO and M-NOg ions. 
The M-1 ion in XXXII followed the same pattern; an 
abundant loss of NOg but no nitro-nitrite rearrangement and 
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02 N-
m/e 260 (100.0) 
+• 
m/e 25 (20.0) 
-NO2 
m/e 214 (3.3) 
\/ 
-NO; 
m/e 168 (20.0) 
-NOi 
-NO' 
m/e l84 (3.4) m/e 200 
subsequent NO loss. An interesting feature of the spectrum 
is that NO2 rather than CO is lost from the M-1 ion. 
O2 N-<^~~^ 0 CHO 
m/e 242 (100) 
XXXII 
-NO' 
•rf"* 
V 
m/e 213. (2) 
-H-
m/e 242 (83) 
* 
-NO2' 
m/e 196 (18) 
-CO 
m/e 168 (7) 
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The failure of these ions to lose NO is probably not 
due simply to their even-electron character. Loss of NO 
from the even-electron M-NO2 ion is observed in the spectrum 
of m-dinitrobenzene, Shapiro and Serum (55) have also 
NO2 
m/e 168 (100) 
-NO2' 
NO2 
m/e 122 (29) 
<-N02* 
m/e 76 ( 51) V 
-NO' 
m/e 92 (25) 
observed NO loss in some even-electron ions. 
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The failure of charge to migrate in fragments derived 
from XXIV is initially surprising, in view of the observa­
tion of successive rearrangement processes by Mandelbaum 
and Biemann (57). However, the charge transfer observed by 
these workers occurred in odd-electron ions. They feel that 
charge transfer should be a less favorable process in even-
electron ions since decoupling of electrons to form a 
diradical ion is required (37). 
In order to determine whether charge transfer leading 
to rearrangement could occur in odd-electron ions of 
diphenyl ethers 4-(4-nitrophenoxy)butyrophenone (XXXIIIa, 
n = 2) and 4-(4-nitrophenoxy)valerophenone (XXXIIIb, n = 5) 
were prepared. Partial spectra of these two compounds are 
given in Table 7. 
The odd-electron ion (XXXIV) that is the product of 
McLafferty rearrangement (m/e 257) also fails to undergo 
the nitro-nitrite rearrangement, demonstrating that even and 
odd-electron ions behave similarly in these diphenyl ethers. 
OsN-/ ^0-<f VC(CH2)nCH3 
XXXIII XXXIV 
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Table 7. Partial mass spectra of XXXIII (a and b) 
m/e 
Relative 
XXXIIIa 
Intensity 
XXXIIIb 
299 11.8 
285 17.6 
257 14.7 100.0 
242 100.0 96.0 
196 25.6 24.1 
168 5.9 5.9 
A possible reason for the failure of charge to migrate 
to the aromatic ring containing the nitro group is the 
strong electron-withdrawing character of this group. It may­
be that the positive charge simply will not migrate to the 
ring which is already electron deficient. 
Compounds in which successive McLafferty rearrangements 
might occur were examined since the results of Wachs and 
McLafferty (55) and Mandelbaum and Biemann (37) were 
obtained with such compounds. Wachs and McLafferty (55) 
observed no charge transfer when ethylene was lost from a 
butyryl group as a result of McLafferty rearrangement. 
Mandelbaum and Biemann (57), on the other hand, observed 
successive losses of propylene from the valeryl groups in 
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their work. A more complete discussion of these two 
references can be found in the Historical section of this 
thesis. The loss of propylene is a much more favorable 
process than the loss of ethylene (86), so there was a 
possibility that this was responsible for the observation of 
charge transfer by Mandelbaum and Biemann. 
4,4'-Oxydibutyrophenone (XXXV) underwent a McLafferty 
rearrangement to give an ion at M-28, No further loss of 
ethylene occurred from this ion, in agreement with the 
results of Wachs and McLafferty (35). To determine 
whether the oxygen atom was inhibiting charge transfer, the 
corresponding biphenyl (XXXVl) was examined. Again, 
successive McLafferty rearrangement ions were not observed. 
The fragmentation patterns for these compounds are given in 
Figures 2 and 3. It should be emphasized that McLafferty 
rearrangement occurs only from the molecular ion of these 
two compounds. No loss of 28 mass units from fragment ions 
is observed. 
Since charge transfer occurred when loss of propylene 
from valeryl groups was involved (37)# the divaleryl ether 
(XXXVIl) and biphenyl (XXXVIIl) were prepared. These 
compounds did undergo successive losses of propylene, as 
evidenced by metastable ions for the transitions. Figures 
4 and 5 contain the fragmentation patterns of these two 
compounds. 
0 
n-Pr-è-- ^0 ^ ^ 
=/ 
m/e 310 (17.1) 
XXXV 
-CHaCHsCHa* 
0+* 
C-Pr-n -CHg=CHa^ 
><>• 
m/e 267 (84.2) 
-C3H7CO' 
m/e 196 (100.0) 
Figure 2. Fragmentation scheme for XXXV 
+ • 
OH 
n- Pr- Ç-^ 0 —^ C=CHs 
m/e 282 (7.1) 
-CH3CH2CH2' 
« 
m/e 239 (25.0) 
CO 
m/e 211 (7.1) 
m/e 294 (15.8) 
\k 
-C3H7* 
n-Pr-C 
m/e 251 (100.0) 
-C3H7CO' 
~ CHg —GHg 
m/e 266 (6.3) 
V 
-C3H7' 
m/e 225 (6.3) 
U1 
-C3H7CO* 
m/e 180 (32.6) 
Figure 3. Fragmentation scheme for XXXVI 
0 
n—Bu—C -CH3CH=CHa C=CH2 
a/e 338 (21.6) 
XXXVII 
-> n-Bu-G-
-C4H9*^ m/e 296 (64.9) 
-OaHs' 
\k ? 
-CH3CH=CH2 
m/e 259 (19.1) 
-CH3 
m/e 281 (100.0) 
-C4H9 CO* 
\K 
-CH3CH=CH2 
OH 
CH2»|:6 —^ 0 C—GH2 
m/e 254 (45.1) 
m/e 196 (28.0) 
Figure 4. Fragmentation scheme for XXXVII 
n-Bu-C-^ ^ ^^C-Bu-n -CH3Œ-CH2 ^ n-Bu-C-^ ^ ^-C=CH2 
m/e 280 (33.3) m/e 322 ( 10.0) 
XXXVIII -C4H9 
\/ 
-C4H9 
m/e 223 (30.0) 
-CH3CH=CH2 
n4Bu-C-(' —(/ \>-C50 
m/e 265 (100.0) 
-CaHsCO" 
\k 
+ 
o-CHs V 
-CH3CH=CH2 
OH^=è-^~"^\ C-OHa 
m/e 238 (60.0) 
m/e 180 (66,7) -CO m/e 152 (56.7) 
Figure 5. Fragmentation scheme for XXXVIII 
57 
Formation of the m/e 239 ion in XXXV and XXXVII and the 
m/e 223 ion in XXXVI and XXXVIII could indicate that 
McLa.fferty rearrangement (with charge transfer) is occurring 
in even-electron ions. Unfortunately, no metastable ion 
confirms the process and other equally plausible pathways 
exist for formation of these ions. 
It is not at all clear why charge transfer occurs in 
ions derived from propylene loss but not from ions derived 
from ethylene loss. Loss of propylene is a very favorable 
process compared to loss of ethylene, presumably because a 
secondary rather than primary hydrogen is being transferred 
to the carbonyl group (86). The very low activation energy 
for propylene loss may allow it to occur twice. Another 
possibility is that the ion remaining after the initial 
propylene loss contains sufficient energy to cause charge 
transfer, while the M-C2H4 ion cannot effect transfer of 
charge. 
In the hope of differentiating between these two 
possibilities, XXXIX was prepared. Ihe presence of the 
XXXIX 
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valeryl and butyryl groups in the same molecule should 
cause both ethylene and propylene loss to occur from the 
molecular ion. If the M-C2H4 ion loses propylene, the first 
statement would be substantiated. But if ethylene is lost 
from the M-CsHg ion, the second statement would seem more 
truthful. 
Amazingly, both of these processes occur. Metastable 
ions confirm the loss of 28 mass units from the M-42 ion 
and the loss of 42 mass units from the M-28 ion. The 
fragmentation pattern is given in Figure 6. 
It is clear that prediction of charge transfer in frag­
ment ions is a rather Inexact science. While much effort 
has been expended on the theory of mass spectra, only the 
very tip of the Iceberg has been uncovered. 
One other compound was studied in an effort to detect 
McLafferty rearrangement in an even-electron ion. The 
process has been observed in such ions previously (87,88,89), 
but charge transfer over several bonds was not involved. 
4_(4_t-Butylphenoxy)butyrophenone (XL) yields an even-
electron ion at m/e 281 by loss of a methyl group from the 
molecular ion. The ion at m/e 253 may result from 
McLafferty rearrangement and loss of ethylene from m/e 281. 
However, two other possible modes of formation of the m/e 
253 ion exist; loss of CHa- from m/e 268 and loss of CaHr* 
from the molecular Ion, Figure 7. Regrettably no metastable 
C-Pr-n n—Bu— C 
Ve 524 (23) 
XXXIX 
-CH3CH=GH2 
\k 
+• 
OH , , , , 0 
CH2=C-^~~^- 0-^ ^C-Pr-n 
m/e 282 (100) 
— CHg—CHg 
OH 
C=CE CHs CHg ^  n-Bu-C-^ ^ 0-<^ y- H2 
m/e 296.(3) 
-CH3CH=CH2 
CH2=C 
m/e 254 (7) 
C=CH2 
The usual a-cleavage ions are also present in the spectrum. 
Figure 6. Fragmentation scheme for XXXIX 
ÇHa /=r\ /z=\ 0 
CHs-Ç-^^OH^li-Pr-n 
CHa ^  
m/e 296 (7) 
XL 
-CH2=CH2 
/=\ i'' 
CHa-Ç-<v ^C=CH2 
m/e 268 ( 1) 
Base peak at m/e 196 (M- t-Bu - n-
Pigure 7. Fragmentation scheme for XL 
CHa, , 
I 
0 
II 
C-Pr-n 
CHa 
or 
CaHr* C-Pr-n 
m/e 281 (2) 
-GH2 = GH2 
en 
o 
m/e 253 (21) 
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ions are found in the spectrum to indicate which of these 
processes is occurring. 
Rearrangements in 0-Ketosulfoxides and g-Ketosulfones 
Although skeletal rearrangement of organosulfur com­
pounds in the mass spectrometer have been extensively 
investigated (9,12), the electron impact induced fragmenta­
tions of the synthetically important p-ketosulfoxides (90,91, 
92,93,9^) and 0-ketosulfones (95,96) have not been studied. 
The spectra of iu-(methylsulfinyl)acetophenone (XLIa) 
and its labelled counterparts (XLIb and XLIc) are given in 
Table 8. Table 9 contains metastable ions observed in the 
spectrum of XLIa. Appropriate shifts in the positions of 
these metastables occur in the spectra of XLIb and XLIc. 
0 0 0 0 0 0 
II fl II II II II 
Ph-C-CHs-S-CHs Ph-C-CDa-S-CHa Ph-C-CHg-S-CDs 
XLIa XLIb XLIc 
Of all the transitions listed in Table 9, only the 
182 (m"*") -* 105 and the subsequent 105 77 processes are 
due to simple bond cleavage. The m/e 105 ion is the benzoyl 
cation, formed by cleavage alpha to the carbonyl group. 
Cleavage between the phenyl ring and the carbonyl group 
would give another m/e I05 ion, XLII. The spectra of the 
labelled compounds show no shift of the m/e 105 ion to 
higher values, ruling out this process. A contribution to 
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Table 8. Mass spectra of XLIa, XLIb, and XLIc 
Relative Intensity^'^ 
m/e XLIa XLIb XLIc 
185 15 
184 14 
185 4 
182 24 <1 
169 1 
168 7 
167 5 1 
166 2 
165 8 
150 1 1 1 
122 52 
121 21 47 
120 90 5 3 
105 100 100 100 
93 37 
^•Spectra taken at 70 ev. 
^Calculations of the isotopic purity of the molecular 
ions of XLIb and XLIc are reported in the Experimental 
section. The calculations were made by the method of 
Biemann (97) from low voltage spectra. 
6^ 
Table 8 (Continued) 
m/e XLIa XLIb XLIc 
92 13 
91 54 4 53 
77 69 53 57 
67 6 
66 7 8 
65 16 6 18 
64 3 18 
63 12 19 
62 5 
61 17 
51 55 30 35 
0+. 0 
Ph-C-CHa-S-CHa —g—> PhteO"'" > Ph"^ 
m/e 182 m/e 105 m/e 77 
:[ 
^ 0 
+ Il 
ŒC-CHs-S-CHa 
m/e 105 
XLII 
64 
Table 9. Metastable transitions In the spectrum of XLIa 
m* transition 
149.6 182 - 165 
79.1 182 - 120 
60.5 182 - 105 
156.5 165 - 150 
91.9 120 -» 105 
69.0 120 - 91 
56.5 105 - 77 
46.4 91 - 65 
the m/e 77 ion by CH3SOCH2'*' is also excluded by the labelling 
data. 
The loss of OH from the molecular ion (182 - 165 in 
XLIa) is not unique to this class of sulfoxides. This 
process also occurs in the spectra of dimethylsulfoxide (56) 
and styryl sulfoxide (vide supra). The mechanism of OH loss 
from XLI appears to differ from the mechanism in these 
compounds, however, since the hydrogen lost as OH comes 
mainly from the aromatic ring. The ion intensities of Table 
8 show that M-17 (OH) predominates over M-lS ( OD) in XLIb 
and XLIc, indicating that the aliphatic hydrogens are lost 
as OH to only a small extent. The writing of ion structures 
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for such a rearrangement is probably futile, but an attrac­
tive possibility is that the product of the M-l? process is 
the benzothiophene ion, XLIII. The observed metastable loss 
rv 
0 
& 
-CHg 
I 
+• 
XLIa 
-OH-
CH3 
XLIII, m/e 165 
\k 
-CHs' 
'S 
+• 
m/e 150 
of CHa* from this ion strengthens the case for XLIII, 
expecially since CDs* is cleanly lost from the m/e I68 ion of 
XLIc (Table 8). 
The formation of the m/e 120 ion by a one-step loss of 
62 mass units represents the most interesting process in 
the spectrum of XLIa. This ion contains no sulfur (deter­
mined by the ratio of 120/122) and appears to be formed by 
hydrogen transfer to the carbonyl oxygen and concomitant 
loss of thioformaldehyde S-oxide, XLIV. 
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+• 
OH 
-CHsSO ^  Ph-C=CH2 
* ^ 
m/e 120 
CH2=S=0 
XLIV 
This process is an example of the McLafferty rearrange­
ment (5); Y-hydrogen transfer to an ionized multiple bond 
and loss of a stable neutral species. 
The rearrangement is analogous to the loss of ketene 
from the molecular ion of benzoylacetone, XLV (98). 
0+. 0 OH 
Ph-îi-CHa-C-GHa -CH2=C=0 ^  Ph-C=CH2 
XLV 
The m/e 120 ion is shifted to m/e 121 in XLIb and m/e 
122 in XLIc as expected for y-hydrogen transfer and forma­
tion of the acetophenone enol ion. 
It has been demonstrated that the product ions of 
McLafferty rearrangement in ketones are in the enolic rather 
than the keto form (3,99). The one-step loss of 15 mass 
units from m/e 120 would seem to be incompatible with an 
enolic structure. Meyerson and Rylander (lOO), however, 
have advanced a mechanism for CHa* loss from the enol which 
does not require reversion to the keto ion. 
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0+. 
Il , 
Ph-C-(CH2)5CH3 
+ 
0-^H 
-> Ph-C-CHa 
m/e 120 
Ph-a=0+ 
m/e 105 
Another curious decomposition mode of the m/e 120 ion 
is the one-step loss of 29 mass units to form the m/e 91 ion. 
The fragment lost is almost certainly OHO* since the m/& 91 
ion loses CgHg (m*) to give the m/e 65 ion. This process is 
characteristic of the tropylium ion (3, chapter 2). The 
OH 
Ph-C=CH2 
m/e 120 
-CHO- -CaHg 
* m/e 65 
m/e 91 
120 - 91 process is quite specific. XLIb loses CHO- to 
give the m/e 93 ion and CDO* is lost from m/e 121 to give 
m/^ 91 in the spectrum of XLIc. Unfortunately, the presence 
XLIb 
XLIc 
OH 
I 
Ph-C=CD2 
OD 
Ph-C=CH2 
+• 
+• 
-CHO' 
-CDO-
* 
m/e 93 
m/e 91 
of interfering peaks prevents the evaluation of label 
retention in the tropylium minus acetylene ion. 
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Ihe tropylium ion was also present in the spectrum of 
benzoylacetone, XLV. A shift of the m/e 91 ion to m/e 93 
was observed when the methylene protons were replaced with 
deuterium (98). 
The m/e 120 -» m/e 91 process is all the more remarkable 
since the acetophenone enol ion derived from hexyl phenyl 
ketone does not fragment to tropylium ion (lOO). Further­
more, the molecular ion of acetophenone does not fragment 
in this manner either (lOO). So the possible reversion of 
a portion of the enolic ion to the keto form is not 
responsible for the 120 -» 91 process. 
The neutral fragment, XLIV, ejected from the molecular 
ion to form the m/e 120 ion is the simplest sulfine, thio-
formaldehyde S-oxide. There is no ion at m/e 62, indicating 
that charge is retained solely on the acetophenone enol. 
The ions at m/e 6l and m/e 6j> are of unknown structure. 
A rearranged ion of methyl phenyl sulfone apparently 
expels XLIV (56), although the evidence is not as compelling 
as the labelling results obtained in this work. Sulfines 
more complex than XLIV have been prepared chemically and 
some are reasonably stable (lOl and references contained 
therein). 
Sulfenes (BgCcSOg) are less stable than sulfines and 
no sulfene has been isolated, although their existence as 
intermediates has been suggested for several reactions (lOl). 
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The availability of g-ketosulfoxldes and p-ketosulfones 
presented an excellent opportunity to test the theory that 
the stability of the expelled neutral fragment controls the 
rate of ion rearrangement (lO). 
McLafferty rearrangement in uj-(methylsulfonyl)aceto-
phenone, XLVI, would result in expulsion of thioformaldehyde 
S,S-dioxide, XLVII, the simplest sulfene. As evidenced by 
+"0H 
* > Ph-LcHs 
m/e 120 
CH2=S02 
XLVII 
the lack of an m/e 120 ion in the spectrum (Table 10), 
sulfene loss does not occur. Nor does the process occur 
with retention of charge on the sulfene, since no ion 
appears at m/e 78. 
Table 10. Mass spectrum of XLVI 
m/e Relative Intensity 
198 (m"^) 23.1 
105 100.0 
94 8.1 
91 10.0 
0 0 
II II 
Ph- C- CHg - S - CH3 
0 
XLVI 
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Table 10 (Continued) 
m/e Relative Intensity 
77 
65 
62, 
37.6 
7.6 
3.3 
16.7 
The presence of an m/e 91 ion in the spectrum of XLVI 
is somewhat surprising since the ion was formed from the 
m/e 120 ion of the p-ketosulfoxide. No metastable ion 
exists in the spectrum of XLVI to designate the precursor of 
the m/e 91 ion, but the presence of a metastable ion at m/e 
46.4 (91 65) is strong evidence that it has the tropylium 
ion structure. The m/e 94 ion probably has the elemental 
composition of dimethylsulfone (CgHgSOs). Its formation can 
be visualized as abstraction of hydrogen from the benzene 
ring followed by (or concomitant with) cleavage. 
0 
II 
C6H4CO 
-> CH2=S-CH3 
OH 
0 
II 
+• 
XLVI 
m/e 94 
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The loss of CH2SO2 from the molecular ion occurs in the 
spectrum of aromatic methyl sulfonates, but the absence of a 
metastable ion or labelling data weakens the case for the 
proposed sulfene expulsion (102). 
0=8 
HgC-H + CH2=S0z 
CHa 
Sulfenes have been suggested as the structure of the 
ions derived from acetaldehyde and ethylene rejection from 
the molecular ion of XLVIII (103). No evidence was 
produced to support these structures. 
CHa 
SO: 
HO 
CHs 
I 
CHa 
XLVIII 
•CH2=CH 
OH 
-CH2=CH2 
CHa OH 
+• 
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Thioformaldehyde S,S-dloxide, XLVIII, is formed in the 
pyrolysis of XLIX at 950° (104). It cannot be observed 
directly but the presence of formaldehyde and sulfur 
monoxide polymer are indications of its transient existence. 
HO 
I ___^> CH3CHO + CH2=S02 
1—S02 
XLIX Y 
[SO] + 0H2=0 < ^S=0 
It was hoped that the p-ketosulfone, XLVI, could be 
induced to lose CH2SO2 in the high temperature inlet system 
of the mass spectrometer. A small m/e 120 ion was formed at 
ca. 200° but there is no real information about its origin 
or structure. Raising the temperature to ca. 300° caused 
almost total disintegration of the molecule and formation 
of peaks at practically every mass below the molecular ion. 
Failure of the g-ketosulfone to lose a sulfene molecule 
strengthens the theory that stability of the expelled neutral 
fragment helps control the extent of rearrangement (lO). 
To further test this theory, the g-ketoether (L) and 
g-ketothioether (LI) were prepared. McLafferty rearrangement 
would result in expulsion of formaldehyde and thio-
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0 0 
Ph-LcHgOCHs Ph-C-CHaSCHa 
L LI 
formaldehyde, respectively, from these molecules. Other 
workers have found that thioformaldehyde is less readily 
expelled than formaldehyde from similar molecules (105,106, 
107). This is not surprising in view of the instability of 
organic molecules containing doubly-bonded sulfur (108). 
A comparison of the spectra (Table ll) of L and LI 
shows that formaldehyde expulsion occurs ca, 330 times as 
readily as expulsion of thioformaldehyde, based on the 
ratio of 120/M"'". 
+'0 +'OH 
Ph-C-CHs0CH3 -CHg=0 ^  ph_c= CHs 
m/e 150 (1.2) m/e 120 (51.2) 
L 
+'0 OH 
Ph-C-CHaSCHa -CHg=S ^  Ph-C=CH2 
m/e 166 (38.1) m/e 120 (4.8) 
LI 
Except for the peak at m/e 6l (probably CH2=^-CH3) in 
LI, the spectra are remarkably similar below m/e IO5. The 
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Table 11. Mass spectra of L and LI 
Relative Intensity 
m/e LI^ 
166 38.1 
150 1.2 
120 51.2 4.8 
105 100.0 100.0 
91 5.6 5.7 
77 50.0 47.7 
65 5.1 6.2 
63 1.7 2.9 
61 10.5 
•51 20.7 
o
 
H
 
CM 
50 7.1 7.1 
^Metastable ions observed for 150-*120, 105^77, 91-65. 
^Metastable ions observed for 166-»120, 166-105, 105-77. 
tropylium ion (m/e 91) i$ present in the spectra of these 
compounds, as it is in the g-ketosulfoxide and 0-ketosulfone 
spectra. It probably does not occur exclusively by loss of 
CHO- from the m/e 120 ion since the intensities of m/e 91 
are virtually the same in the two compounds while the m/e 
75 
120 Ion is much stronger in L than in LI. This assumption 
may be unwarranted since equating the intensity of an ion 
with its importance in subsequent fragmentation is not 
always Justified (109). No metastable ion for the formation 
of m/e 91 appears in these spectra. 
u)-( Benzylsulfonyl) acetophenone, LII, was prepared in 
order to determine whether sulfene loss can occur when the 
sulfene is stabilized by a phenyl ring. It was gratifying 
to observe an ra/e 120 ion in the spectrum (Table 12) of LII, 
although the ion was of low intensity. A metastable ion at 
m/e 52.6 confirmed that thiobenzaldehyde S,S-dioxide was 
lost from the molecular ion in one step. 
The major ions in the spectrum of LII were due to a-
cleavage at the carbonyl group to give the benzoyl cation 
(m/e 105) and at the sulfinyl group to give the tropylium 
ion (m/e 91). The small ion at m/e 209 (274 —jp-> 209) is 
probably due to loss of SOgH» from the center of the mole­
cule. There are a number of other ions of unknown 
elemental composition and structure in the spectrum. 
Ph-C-CHs-SOg-CHgPh 
Ph 
H 
0=802 
— > CHs 
m/e 120 (1.7) m/e 274 (5.0) 
LII 
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Table 12. Mass spectra of LII, LIII, and LIV 
Relative Intensity 
m/e LII LIII LIV 
274 5.0 
258 5.2 
242 28.4 
224 1.2 
209 1.0 
199 1.0 
189 1.9 
173 2.7 
148 1.2 
145 1.9 
124 1.5 
120 1.7 68.4  1.5 
105 44.3  100.0 13.3 
91 100.0 50.8 100.0 
89 2.9  
86 6 .4  
85 7.4 4.8 
83 10.5 7.3 
77 9.5 39.0  13.1 
65 17.4 12.2 9.4 
77 
Table 12 (Continued) 
m/e LU LUI LIV 
63 3.8 2.8 2.1 
57 7.2 3.5 
56 3.3 
51 8.3 12.6 6.7 
The spectrum (Table 12) of the corresponding g-keto-
sulfide, LUI, exhibited a large m/e 120 ion with a meta-
stable ion for the 274 -» 120 process. Thiobenzaldehyde is 
apparently highly stable relative to thioformaldehyde, as 
expected. The corresponding sulfine, thiobenzaldehyde S-
oxide, does not seem to derive as much stabilization from 
the phenyl group as the corresponding thioaldehyde and 
sulfene. The m/e 120 ion in LTV is of low intensity, 
although a metastable ion for the 258 120 process is 
observed. 
Ph-C-CHsSCHaPh 
m/e 242 (28.4) -, 
LIU 
0+» 0 
II II 
Ph-C-CHs-S-CHaPh 
m/e 258 (5.2) 
LIV 
-PhGH=S 
-PhCH=S=0 
•'"OH 
Ph-C=CH2 
m/e 120 (68.4) 
•^"OH 
Ph-C=CH2 
m/e 120 (1.5) 
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The spectrum of LII ( Table 12) contains a perplexing 
ion at m/e 224. A metastable ion indicates it is formed 
from the molecular ion, m/e 242, in one step. These l8 mass 
units must consist of H2O. Water is commonly lost from 
molecules containing an OH function and even from aliphatic 
sulfoxides {J>), but the loss of the oxygen from the carbonyl 
function as water is rather unusual, although not unprece­
dented (3). Any attempt to rationalize a mechanism or 
structure for the m/e 224 ion would be futile without 
further information. 
The prospect of competitive elimination of ethylene 
and the sulfine, XLIV, led to the examination of the 
spectrum of LV, Table 15. 
•CH2=S=0 
^ OH 
I 
Ph-C=CHCH2CH3 
m/e l48 
0+' 0 
II II 
Ph-C-CH-S-CHs 
CHs CH3 
-CH2=CH2 
m/e 210 """'oh 0 
LV Ph-C=CH-S-CH3 
m/e 182 
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Table 15. Mass spectra of LV and LVI 
Relative Intensity 
m/e LV LVI 
226 3 
210 6 
198 10 
182 1 
147 20 7 
146 7 9 
105 100 100 
91 7 2 
89 5 
77 42 32 
69 5 2 
65 1 
64 1 
6) 1 1 
Neither of these processes occurred to any significant 
extent, A small peak at M-28 is observed, but the M-62 ion 
is absent. 
The predominant process is simple cleavage to give the 
benzoyl ion (m/e 105). Cleavage alpha to the sulfoxide group 
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also occurs to give an ion at m/e 1^7 (M-CH3SO). This ion 
is apparently an a-keto carbonium ion, which can lose a 
hydrogen atom to give the ion at m/e l46, represented as 
cyclopropyl phenyl ketone. This ion is also formed by the 
one-step loss of CH3SOH from the molecular ion. A possible 
metastable ion at m/e 76.5 for the l46 105 process is so 
obscured by the m/e 77 ion that its existence is rendered 
uncertain. 
The p-ketosulfone, LVI, undergoes essentially the same 
fragmentations in the mass spectrometer as the sulfoxide, 
Table 13. Loss of CH3SO2 from the molecular ion gives the 
ion at m/e 147. The ion at m/e l46 can be formed by 
hydrogen loss from m/e 147 or the one-step loss of CH3SOH 
from the molecular ion (m* observed), 
Sulfine loss from the molecular ion is observed in the 
spectrum of LVII, Table l4. a-Cleavage to give the a-keto-
carbonium ion still occurs, although the M-CH3SOH process is 
CH3SOH 
[LV]"'"* -CH38O 
0 
II + 
-> R1-C-CHCH2CH3 
m/e 147 
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Table l4. Mass spectra of LVII and LVIII 
Relative Intensity 
m/e LVII& LVIII 
212 14 
196 22 
179 1 
147 6 
154 16 
133 38 1 
119 5 
105 100 100 
91 5 <1 
89 1 <1 
79 2 
77 52 30 
75 13 
69 1 
64 3 
63 4 
^Metastable ions were observed for 196-* 134, 196^133, 
133-105, 105-77. 
82 
0 0 
Il II 
Ph-C-CH-S-CHs 
CHa 
LVII 
eliminated. The molecular ion of LVII is probably unable 
to attain a conformation that allows OH bonding and loss of 
CH3SOH. The ethyl groups of LV and LVI, on the other hand, 
provide hydrogens for easy formation of the OH bond and 
CH3SOH loss does occur. 
The fragmentation pattern of LVII is outlined in Figure 
8. The origin and structure of the ions at m/e 75 and m/e 
69 are unknown. The ions at m/e 63 and m/e 64 are probably 
CHaSO"^ and CHaSOH"^, respectively. The 133 89 process 
is intriguing, but speculation as to the fragment lost and 
the structure of the m/e 89 ion is futile without high-
resolution data on the elemental composition. 
This process also occurs in the spectrum, Table 14, of 
the corresponding g-ketosulfone, LVIII. Otherwise the 
spectrum of LVIII is unremarkable. 
+• 
0^0—CH-tS—CH3 
CH3 
m/e 119 (5) 
-CO 
m/e 91 (5) 
-Ph* E" ]=CHGH3 
^+ 
Ph-CEO 
m/e 105 (100) 
CH3 
m/e 134 (16) 
m/e 196 (22) 
LVII 
Ph-C-CHCHa 
m/e 133 (38) 
-OH 
-SOH 
m/e 147 (6) 
* 
-CO m/e 179 (1) 
m/e 77 ( 52) m/e 89 (1) 
CD 
Figure 8, Fragmentation scheme for LVII 
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Rearrangements in Unsaturated Sulfoxides and Sulfones 
The spectrum of methyl vinyl sulfoxide, LIX, was 
examined chiefly for evidence of styryl migration from 
sulfur to oxygen. A similar rearrangement, which presumably 
0 
II 
PhCH=CHSCH3 
LIX 
forms a sulfenate ion, had previously been observed in 
aromatic sulfoxides and it was suggested that the orbitals 
of the aromatic group were interacting with the electron 
deficiency localized on the oxygen atom (54). We felt that 
the orbitals on the olefinic double bond of LIX would behave 
similarly and styryl migration would occur. Vinyl group 
migration was very recently shown to occur in methyl vinyl 
sulfoxide (66). 
The spectrum of LIX is given at 70 ev and 14 ev in 
Table 15. The compound yields a large number of ions. Many 
are of unknown origin and structure, but a great deal of 
mechanistic information can be derived from the spectrum. 
The item of paramount interest, styryl migration to 
oxygen, is easily detected by observation of the metastable 
loss of CHaS* to give an ion at m/e 119. The sulfenate ion, 
LX, is presumably the precursor of the m/e 119 ion. A 
possible alternative structure, LXI, is ruled out by the 
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Table 15. Mass spectrum of LIX 
Relative Intensity 
m/e 70 ev l4 ev 
166 (M^) 100 100 
151 31 6 
150 12 
149 4 
158 42 31 
157 59 28 
135 12 
134 21 
133 25 
123 57 
119 42 17 
118 34 
117 9 
107 26 
103 73 9 
102 4o 
91 93 2 
90 8 
89 11 
79 16 
86 
Table 15 (Continued) 
m/e 70 ev 14 ev 
77 77 
65 10 
64 13 
62 18 
51 54 
50 20 
major differences in its spectrum. Table I6, and the 
spectrum of LIX. 
0+" 
II +• 
Ph-CH=CHSCH3 > PhCH=CH0SCH3 
LIX LX 
Q * -SCH3 
PhCHgkcHs PhCH=CH0'^ 
LXI m/e 119 
The structure drawn for the product of the M-SCHs 
process is obviously energetically unfavorable since the 
oxygen has only six electrons. A canonical form of the ion 
is certainly more stable, but one fragmentation route of the 
ion seems to require form A. 
PhCH=CH-0"^ < > PhÎH-CH=0 
A , B 
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Table 16. Mass spectrum of LXI 
m/e Relative Intensity 
166 (M+) 41 
138 1 
119 13 
91 100 
75 4 
65 13 
One fragmentation route of this ion involves hydrogen 
(or hydride) migration to the carbon atom alpha to the 
phenyl ring to yield the phenyl acylium ion. A one-step 
loss of CO from this ion is observed as expected. 
PhCH2G=0+' > 
m/e 91 
Another fragmentation mode of the m/e 119 ion is loss 
of hydrogen to give an ion at m/e ll8. A possible meta-
stable ion for this process is very weak and cannot be 
assigned with certainty. The m/e llB ion could also result 
from SO loss from the molecular ion, a common process in 
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some sulfoxides (55,56). High resolution data^ for this 
compound demonstrated that SO loss from the molecular ion 
does not occur. The spectra of the labelled compounds 
(vide infra) confirmed the high resolution data. 
The structure of the m/e ll8 ion is a matter of con­
siderable interest. Hydrogen loss from the m/e 119 ion 
could produce the phenyl ketene radical ion. That this 
m/e 119 > PhCH=C=0 
m/e llB 
process does not occur was demonstrated by the spectra 
(Table 17) of the labelled compounds, LKII, LXIII, and LXIV. 
It is clear that the hydrogen lost from the m/e 119 ion 
comes from the aromatic ring. 
0 GO 
II II II 
PhCD=CH8CH3 PhCH=CDSCD3 PhCD=CD8CD3 
liXII LXIII LXIV 
It is proposed that electrophilic attack upon the 
benzene ring by the positive oxygen atom forms a protonated 
benzofuran ion. Loss of a hydrogen from the benzene ring 
yields the molecular ion of benzofuran. 
^Obtained by J. R. Althaus, Massachusetts Institute of 
Technology, Boston, Mass. 
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Table 17. Mass spectra of LXII, LXIII, and LXIV^ 
Relative Intensity 
m/e LXII LXIII LXIV" 
171 
170 
169 
167 
155 
154 
155 
152 
151 
150 
143 
142 
l4l 
14 0 
1)9 
138 
157 
156 
56 
21 
13 
3 
58 
44 
13 
72 
11 
11 
22 
30 
9 
46 
87 
8 
12 
5 
26 
5 
30 
8 
52 
13 
19 
16 
^Low ev spectral determinations of isotopic labelling 
are In the Experimental section. 
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Table 17 (Continued) 
m/e LXII LXIII LXIV 
135 17 20 20 
134 20 20 8 
133 6 
125 43 
124 54 44 35 
123 10 
122 14 
121 42 
120 31 37 32 
119 30 28 8 
118 8 
109 26 
108 22 22 
106 18 
105 56 
104 4o 59 18 
103 22 35 23 
102 18 
93 100 
92 100 100 
91 13 
91 
Table 17 (Continued) 
m/e LXII LXIII LXIV 
90 11 
80 19 17 
79 31 
78 76 41 59 
77 77 48 57 
PhCH=CH0+ 
" cx^  ^TT 0 0' 
m/e 119 ^ 
m/e 118 
Benzofuran loses CO from the molecular ion (5) to give 
an m/e 90 ion and a peak at m/e 90 is observed in the 
spectrum of LIX. This ion could also result in part from 
loss of CHO* from m/e 119. 
Electrophilic substitution in an electron impact 
induced ion is not a novel process, but has been observed a 
number of times with oxygen (6,110,111,112,115) and sulfur 
(114,115) as the attacking species. 
The route to the tropylium ion from m/e 119 appears to 
have a lower activation energy (or higher frequency factor) 
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than the route to benzofuran ion, as indicated by the ca. 
3:1 ratio of the abundances of m/e 91 to m/e ll8. Also, 
at l4 ev the 119 -* 91 process still occurs while the m/e 
ll8 ion has disappeared. 
Recent work (65,66) has indicated that methyl groups 
attached to sulfoxide may migrate to oxygen in an electron 
impact induced ion. No metastable ions are observed for 
loss of GH3O' from a sulfenate resulting from methyl migra­
tion, although the spectrum of LIX contains ions at m/e 
155 and 134 which could result from such processes. The 
low intensities of these peaks precludes observation of 
fragment ions derived from them. 
II 
PhCH=CHSCH3 
+• 
-> PhCH=CHS-0-CH3 
LIX 
-CH3O' 
< PhCH=CHS 
m/e 135 
+ 
m/e 135 
-H 
09 
m/e 134 
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Two processes which must be complex, yet are very 
important, are losses of CO and/or CHO* from the molecular 
ion of LIX in one step to give abundant ions at m/e 1^8 and 
137. The CHO* appears to originate from one of the carbon 
atoms bonded to the sulfoxide function. LXII loses no CDO-
while LXIII (and LXIV) loses CDO* predominantly. The small 
amount of M-29 ion in LXIII and LXIV may, in fact, be the 
result of hydrogen loss from the M-CO ion. 
Neither CO nor CHO* loss from the molecular ion is 
observed in the spectrum of LXV, Table l8. CO is lost from 
the M-CHa' ion of this compound and also from the M-CHa» 
ion of LIX. A metastable ion is also seen for the loss of 
CHsCO" from the molecular ion of LXV. This data would seem 
to confirm that both CO and CHO* loss involves the vinyl 
carbon alpha to the sulfoxide group. The fragmentation 
schemes of LIX and LXV are illustrative of most of the 
fragmentations of these sulfoxides. Figures 9 and 10. 
Depicting certain processes as occurring from the unrear-
ranged ion and others from the sulfenate ion is arbitrary 
with no evidence for the correctness of the scheme. The 
only process which must occur from the sulfenate ion is 
loss of sch3. 
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Table l8. Mass spectrum of IXV 
m/e Relative Intensity 
180 (M"*") 44 
165 9 
164 4 
163 3 
150 7 
157 81 
133 19 
132 13 
117 76 
116 43 
115 100 
105 24 
91 49 
89 14 
77 14 
65 16 
51 22 
The origin of hydrogen lost as O H  ( # )  from the 
molecular ion of these compounds cannot be determined with 
deuterium labelling because of peaks which interfere with 
the weak M-OH ion. The process becomes important in LXVI 
m/e 149 < 
1 
-OH. I 
" L 
« 
—F +• 
m/e 133 
PhCH=CHSCH3 
m/e l66 
LIX 
-CO 
m/e 138 
m/e 137 
-16 
m/e 150 +• PhCH=CH0SCH3 -ch3 
-sch3 
-SCHa 
Ph 
H 
+ 
G=C-H 
m/e 103 
* /-C2H2 
Ph. 
H-
:C=GH-0 
m/e 119 
+ 
m/e 77 
+ . 
Ph-C=C-H 
m/e 102 PhCHgCO 
m/e 91 
—> m/e 151 > m/e 123 
J 
-H" 
V 
m/e 118 
Figure 9. Fragmentation scheme for LIX 
m/e 163 < 
m/e l64 <-
-OH 
-16 
"0 
Phr^ CHa 
^c=ccr 
^CHs 
m/e 180 
LXV 
-CH3CO 
-> m/e 157 
1 
-SCH3 
+• 
Ph.>^ ^^O-S-CHa 
C=CC -CHa-
^CHa 
'0 Ph>. 
^0=0-^ 
^CHa 
m/e 133 
i 
Ph. 
H 
:G-QEO 
CHa 
.|-co 
m/e 105 
+ 
—S—CH3 
.CHa Ri 
VÎ-
H 
CHa 
m/e 117 
* 
CHa 
/- C2 Hg 
m/e 91 
m/e 132 
Figure 10. Fragmentation scheme for LXV 
-CO 
m/e 165 
-CHa" 
\k 
m/e 150 
> m/e 116 
-H-
m/e 115 
* - C2 Hs 
V 
m/e 89 
Nk 
MD 
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and LXVII, presumably because oxygen can more easily 
abstract the hydrogens of the methyl (LXVl) and ethyl 
(LXVII) groups. Table 19. 
Ph y Ph {J 
JC=CH8CH3 ^ C=CHSGH3 
CHa CH3CH2 
LXVI LXVII 
The one-step loss of I6 mass units (CH4?) from the 
M-OH ion is beyond rational explanation, especially since 
the structure of the M-OH ion is unknown. 
The sulfoxide-sulfenate rearrangement is especially 
favorable in LXVIII. The M-SOH3 ion (m/e 195) is the base 
S 
^0=05—8—OH3 
LXVIII 
peak in the spectrum. Table 20. As usual, this ion frag­
ments both by loss of CO and loss of H. 
A facile cleavage occurs in all of these sulfoxides to 
yield vinyl carbonium ions which may fragment in various 
ways. Figures 9 and 10, A product of this fragmentation, 
the indenyl cation (m/e 115)> is the base peak in the spectra 
of LXV and LXVI. 
Aromatic sulfones undergo sulfone-sulfinate rearrange­
ment by migration of an aryl group (5^). Methyl styryl 
sulfone, LXIX, was prepared in order to determine if styryl 
98 
Table 19. Mass spectra of LXVI and LXVII 
Relative Intensity 
m/e LXVI LXVII 
194 44 
180 47 
179 19 
178 15 
177 77 
166 6 
165 23 5 
164 8 
163 19 6 
162 10 
161 29 
152 15 
151 17 5 
150 14 
147 28 21 
137 18 6 
135 14 28 
134 18 7 
133 55 4 
132 25 
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Table 19 (Continued) 
m/e nxvi nxvii 
131 11 14 
130 16 
129 49 
128 4l 
127 12 
117 22 14 
116 22 21 
115 100 40 
105 65 8 
103 24 15 
102 14 17 
91 72 100 
89 20 9 
79 12 8 
78 11 6 
77 39 27 
65 24 l4 
63 30 12 
59 22 
51 40 23 
50 16 9 
100 
Table 20. Mass spectrum of LXVIII 
m/e Relative Intensity 
242 (M"*") 55 
227 40 
226 5 
225 1 
199 10 
195 100 
194 24 
178 44 
177 11 
176 12 
167 44 
165 55 
152 15 
134 12 
77 14 
51 15 
group migration from sulfur to oxygen would occur. 
PhCH^CHSOgCHa 
LXIX 
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The spectrum of LXIX is given in Table 21 and Figure 
11 contains the fragmentation scheme. 
0+* 
PhCH=CHSCH3 
II 
0 
m/e 182 
LXIX 
C=GH 
PhCH=CH-0-S-CH3 
SO2CH3 
m/e 103 
+ * 
Ph-C=C-H 
m/e 102 
-C2H2 
m/e 77 
-CHs-
-S-CH3 
m/e 167 
PhCH=CH-0 
m/e 119 
V 
PhCHaCEO 
-CO 
f 
m/e 91 
+ 
* 
Figure 11. Fragmentation scheme for LXIX 
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Table 21. Mass spectrum of LXIX 
m/e Relative Intensity 
182 (M+) 20 
162 3 
119 8 
103 46 
102 100 
91 26 
77 31 
65 4 
63 5 
51 18 
50 6 
There are two rather important differences in the 
fragmentation pattern of this compound and the vinyl 
sulfoxides. 
No CO or CHO* loss from the molecular ion of LXIX is 
observed. Carbon-oxygen bond formation does occur, as 
evidenced by loss of CHaSO* from the (presumably) sulfinate 
ion. 
Another difference is that the m/e 119 ion (M-CHaSO*) 
does not behave in the same manner as it does when formed by 
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an M-CHaS* process in sulfoxides. No hydrogen is lost to 
form the m/e ll8 ion, although the 119-CO process does occur. 
The reason for this behavior is obscure. The m/e 119 
ion is presumed to have the same structure, whether it is 
derived from sulfoxide or sulfone. It may be that the ion 
derived from sulfone has insufficient energy to effect 
electrophilic attack upon the benzene ring, causing a 
subsequent loss of H* from the ring. The 119 ll8 process 
does require more energy than the 119 -• 91 process, as 
evidenced by the low ev spectra of the sulfoxides. Of 
course it is possible that the assumption of a common struc­
ture for the m/e 119 ion from both sources is naive. 
Whatever the reason for the difference in behavior of 
sulfoxides and sulfones, consistent results are obtained. 
All of the sulfoxides previously discussed lost hydrogen 
from the M-CHsS* ion. Likewise, sulfones LXX and LXXI 
formed sulfinate ions and subsequently lost CHaSO*, but no 
hydrogen loss from the M-CHaSO* ions was observed. Further­
more, no CO or CHO- loss from the molecular ions was 
observed in the spectra (Table 22) of these two compounds. 
PhCH=C(CHa)SOg CH3 Phg C=CHS02 ch3 
LXX LXXI 
Abundant ions resulting from cleavage to give a vinyl 
cation were present in the spectra of all three of the sulfones. 
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Table 22. Mass spectra of LXX and LXXI 
Relative Intensity 
m/e LXX LXXI 
258 71 
196 25 
195 14 
179 87 
178 100 
177 23 
176 18 
167 43 
165 16 
152 23 
151 12 
133 9 
117 24 
116 • 100 
115 43 
105 22 
91 18 
89 8 12 
79 6 
77 9 17 
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Table 22 (Continued) 
m/e LXX LXXI 
65 7 
65 10 
51 20 
Several phenyl styryl sulfoxides and sulfones were 
prepared with the hope of assessing the relative importance 
of aryl vs. styryl migration. 
Figure 12 shows major fragmentation routes for phenyl 
styryl sulfoxide, LXXII. The spectrum is given in Table 23. 
Attachment of the phenyl ring to the sulfoxide group 
causes a major new fragmentation to predominate. One-step 
loss of SO occurs to give an ion at m/e 180. This ion can 
be represented as the stilbene molecular ion since the 
appearance of the spectrum from m/e 180 to m/e I65 resembles 
the spectrum of stilbene (5, chapter l). 
The two possible sulfenate ions are both apparently 
formed to some extent. Loss of PhS* gives the m/e 119 ion 
(no m/e II8) and loss of PhO* gives the ion at m/e 135 which 
can lose hydrogen to give the benzothiophene ion at m/e 134. 
Unfortunately, no metastable ions are in evidence to confirm 
that these process occur in one step. At low ev the m/e 135 
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and 13^ ions both disappear while the m/e 119 ion is still 
present. 
Table 25. Mass spectrum of LXXII and LXXIII 
Relative Intensity 
m/e LXXII LXXIII 
244 92 
228 11 
212 7 
211 3 
199 3 
i8o 100 6 
179 34 15 
178 15 7 
165 14 4 
135 4 
134 6 
125 19 
119 6 34 
103 13 66 
102 9 92 
91 34 100 
77 31 68 
m/e 199 
PhCH=CHOSPh 
-PhS* 
PhCH=CHO+ 
m/e 119 
-CO 
f 
m/e 91 
-CHO- li+' PIiCH=CHSPh 
m/e 228 
LXXII 
-OH' 
* 
-16 
[PhCH=CHPh] 
m/e 180 
-H 
PhCH=ÎH 
m/e 103 
^-CHa* 
m/e 165 
-CgHg^ _H« 
m/e 179 " 
j-"-
m/e 178 
+ . 
Ph-C^C-H 
Figure 12. Fragmentation scheme for LXXII 
m/e 211 
m/e 212 
PhGH=CHSOPh 
i "  PhO" 
+ PhCH=CHS 
m/e 135 
m/e 134 
M O 
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Phenyl styryl suifone, LXXIII, shows a clear preference 
for styryl migration at 70 ev. This spectrum is also given 
in Table 23. 
The m/e 119 ion resulting from styryl migration is very 
abundant in the 20 ev and l6 ev spectra of LXXIII. Further­
more, the ion at m/e 125 results from charge retention on 
the other fragment from sulfinate LXXIV. No metastable ions 
PhCH=CHO+ 
+*lj' m/e 119 
PhCH=CHS02Ph > PhCH=CHOSPh 
LXXIII LXXIV PhSO"*" 
m/e 125 
exist for these processes. A metastable ion is observed 
for the 119 - 91 fragmentation. 
No ions derived from phenyl migration are observed in 
the spectrum. The loss of SOg is considerably less important 
than the loss of SO from LXXII, in agreement with other work 
(55,56). 
The spectra of £-bromophenyl styryl sulfoxide, LXXV, 
and £-bromophenyl styryl sulfone, LXXVI, also exhibit an m/e 
119 ion which predominates over the ions derived from phenyl 
migration. Table 24. g-Nitrophenyl styryl sulfone, LXXVII, 
also undergoes styryl migration in preference to phenyl 
migration. Table 25. The m/e 119 ion is present at low 
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Table 24. Mass spectra of LXXV and LXXVI 
Relative Intensity 
m/e LXXV LXXVI 
322 31^  
306 5* 
290 6^ 
277 11^  
258 100& 4^ 
203 2^ 9^ 
179 42 15 
178 6 28 
155 3® 6^ 
135 5 
134 9 
119 12 46 
118 -4 2 
108 11 
103 27 56 
102 20 100 
91 65 55 
^Isotope peaks indicate that this ion contains a 
bromine atom. 
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Table 24 (Continued) 
m/e LXXV LXXVI 
89 15 
77 57 51 
76 20 
65 9 5 
63 10 7 
Table 25. Mass spectrum of LXXVII 
m/e Relative Intensity 
289 (m"^ ) 91 
201 6 
186 4 
178 5 
159 7 
122 6 
119 14 
103 26 
102 99 
91 100 
77 53 
76 10 
Ill 
Table 25 (Continued) 
m/e Relative Intensity 
65 
65 
4 
6 
PhCH=CHX Br PhCH=CHS02 NO2 
LXXV, X = SO LXXVII 
IXXVl, X = SO2 
electron energies in all of the phenyl styryl sulfoxides and 
sulfones. Only one mode of fragmentation of this ion is 
found; loss of CO to form the m/e 91 ion. The 119 -* II8 
process either does not occur or is very diminuitive in these 
compounds. 
Since sp^ hybridized carbons migrate from sulfur to 
oxygen whether they are part of an aromatic ring or a vinyl 
group, it seemed desirable to investigate the migratory 
ability of an sp carbon of an acetylenic group. Accordingly, 
LXXVIII, LXXIX and LXXX were investigated. 
0 
PhCScicHa 
LXXVIII 
0 
II 
PhCSCSCHa 
0 
LXXIX 
PhG=C8Ph 
0 
LXXX 
0 
II 
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An ion at m/e 117 is formed in the spectrum ( Table 26) 
of LXXVIII by a one step loss of CH38. The sulfenate ion, 
LXXXI, is the likely precursor for the m/e 117 ion. The 
phenethynyl group apparently can migrate from sulfur to 
oxygen in the same manner as the styryl group. The m/e 117 
0+» , 
PhCECSCHs > PhCECOSCHa > PhC^CO"^ 
LXXVIII LXXXI m/e 117 
ion is also present in the spectrum of the two sulfones, 
LXXIX and LXXX. 
The mode of fragmentation of the m/e 117 ion is 
interesting. A metastable ion indicates that carbon 
monoxide is lost to yield an ion at m/e 89, CrHs"^. This 
ion has appeared in other spectra (vide supra) and its 
structure is uncertain. A ( tropylium-Ha) analogue of the 
(cyclopentadienyl-Ha) ion has been suggested for this ion 
(116) but its structure must be considered as unproven. 
Whatever its structure, it must be quite stable since it 
is the base peak in the spectrum of LXXIX. 
Other fragmentations of LXXVIII are depicted in Figure 
13. The ions at m/e II6, II5, and 105 are of unknown compo­
sition and structure. The m/e 105 ion is probably the 
benzoyl ion, PhCcO"^. A rather esoteric mechanism may be 
written for its formation from the molecular ion. 
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Table 26. Mass spectra of LXXVIII and LXXIX 
m/e 
Relative 
LXXVIII 
Intensity 
LXXIX 
180 74 
165 12 
164 50 
149 100 5 
148 6 
155 9 
121 29 5 
117 17 14 
116 11 
115 15 
105 10 8 
105 11 4 
102 6 
89 46 100 
77 46 11 
75 11 15 
74 12 10 
69 10 
6) 25 18 
62 10 
51 25 11 
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Ph-feC-S-R > Ph—CC _ S—R 
$ 
J 
Ph-OEO^' < Ph—^ 8—R 
This ion is present in the spectra of all three 
acetylenic compounds. A me tas table ion for the M"*" - I05 
process in the spectrum of LXX (Table 27) indicates that 
it is occurring in one step in this compound. A raetastable 
ion for the 105 -» 77 process seems to confirm that the m/e 
105 ion is the benzoyl cation. 
An m/e 57 ion in the spectra of the methyl propenyl 
sulfoxide, LXXXI, and sulfone, LXXXII, and the allyl methyl 
sulfoxide, LXXXIII, and sulfone, LXXXIV, would indicate that 
migration from sulfur to oxygen of the unsaturated group is 
occurring. The methyl propenyl sulfoxide and sulfone were 
investigated to ascertain whether the phenyl group was 
somehow responsible for migration in the methyl styryl 
sulfoxides and sulfones. Occolowitz's recent discovery of 
vinyl group migration in methyl vinyl sulfoxide (66) made 
this work largely unnecessary. 
m/e 133 
-16 
o+« 
II 
g/e 148 < PhCECSCHa 
m/e l64 
-CHa* LXXVIII I 
+• 
PhCPC-O-SCHa 
-CHaS' 
+ 
m/e 117 
PhG=C-0 
-CO 
V 
C7H5* 
Figure 13. Fragmentation scheme of LXXVIII 
-CHs' . PhCEC-SO"^ 
m/e 149 
V 
C7H5S 
-co 
+ 
m/e 121 
-08 
CsHs 
m/e 77 
H 
H 
VJl 
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Table 27. Mass spectrum of LXXX 
m/e Relative Intensity 
242 (M"^) 100 
178 97 
165 8 
149 15 
125 57 
121 11 
117 2 
105 18 
102 10 
97 17 
89 52 
77 53 
65 7 
65 15 
58 55 
51 38 
Mislow (60) has shown that sulfonates are formed 
thermally from allyl sulfoxides and the allyl sulfoxide and 
sulfone were investigated to determine if C-0 bond formation 
occurred in electron Impact induced ions. 
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Definitive work was not possible with the compounds 
studied since high resolution spectra were not available. 
An ion at m/e 57, however, indicates possible allyl and 
crotyl migration from sulfur to oxygen. Unfortunately, no 
C'BsG' > CH3-CH=CH-0 
m/e 57 
-> CH2=CH-ch2-O-SCH3 -^H3S->GH3.CH=CH-O' 
m/e 57 
metastable ions, other than for 4l -» 59, are present in the 
spectra to specify fragmentation pathways. Further work, 
expecially on allyl sulfoxides, is clearly indicated. The 
spectra of these compounds are given in Tables 28 and 29. 
n +' 
CH3CH=CHi-S-CH3 > CH3CH=CH-0-SCH3 
HC 
CHs 
CHs' 
0+' 
II 
'S—CH3 
Il8 
Table 28. Mass spectra of LXXXI and LXXXIII 
Relative Intensity 
m/e LXXXI LXXXIII 
104 83 21 
89 15 
87 27 
75 90 
73 24 
64 73 10 
63) 5 
6l 37 
57 12 
48- 22 
47 27 
45 88 
43 78 
4l 66 100 
39 100 37 
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Table 29. Mass spectra of LXXXII and LXXXIV 
Relative Intensity 
m/e LXXXII LXXXIV 
120 45 10 
105 15 2 
91 25 
80 1 
79 1 
65 10 1 
64 32 2 
63 15 2 
58 22 
57 25 3 
56 2 
4l 100 100 
39 73 26 
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EXPERIMENTAL 
General Procedures 
All melting points and boiling points are uncorrected. 
Temperatures are given in degrees Centigrade. Mass spectra 
were recorded on an Atlas CH-4 single-focusing instrument. 
All samples were inserted directly into the source by means 
of a vacuum lock with liquids being adsorbed on silica gel 
for this purpose. The source was run at room temperature 
with as little heat as possible applied to the samples. The 
filament current was ca. five laamps and the accelerating 
voltage was three thousand volts. 
The nmr and ir spectra were recorded on Varian A-60 
and Perkin-Elmer 21 instruments, respectively. The nmr 
spectra were determined in deuteriochloroform solution and 
ir spectra were taken as potassium bromide discs. Nmr data 
are reported as follows; chemical shift (&), signal multi­
plicity (s = singlet, d = doublet, t = triplet, q = quartet, 
m = multiplet), number of protons. Infrared absorptions are 
reported in microns. 
Elemental analyses were performed by Galbraith Labora­
tories, Knoxville, Tennessee. 
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Ethers and Related Compounds 
The following compounds were obtained from Drs. G. L. 
Elan and C. A. Kingsbury; 
4-Bromophenyl 4-nitrophenyl ether 
4-Chlorophenyl 4-nitrophenyl ether 
4-( 4-Nitrophenoxy)benzaldehyde 
4-Phenoxyni trobenz ene 
4-(4-Nitrophenoxy)anisole 
4-( 4-Nitrophenoxy)toluene 
4-Nitrophenyl 4-nitrophenyl ether 
4-Thiophenoxynitrobenzene 
4-Bromophenyl 4-nitrophenyl sulfide 
4-Chlorophenyl 4-nitrophenyl sulfide 
'4-( 4-Nitrothiophenoxy) aniline 
The experimental procedure for preparing these compounds 
is available (117). 
3-(4-Nitrophenoxy)toluene 
Powdered potassium hydroxide (2,89 g, 0.04 mole) was 
added to a solution of m-cresol (4,52 g, 0.04 mole) in DMSO 
(20 ml). 4-Pluoronitrobenzene (4 ml) was added in one 
portion and the mixture was heated 30 minutes on a steam 
bath. Pouring into cold 2% sodium hydroxide solution was 
followed by several extractions with ether. The extracts 
122 
were washed with water, dried (magneslim sulfate), and 
concentrated on a rotary evaporator. Recrystallization 
(hexane) gave pure product, mp 62-65°, lit. mp 65° (II8). 
Recrystallization solvents, melting points, and C,H 
analyses ( if necessary) are given for the remainder of the 
ethers prepared using this procedure. 
4-Fluorophenyl 4-nitrophenyl ether 
Benzene-hexane, mp 72-73.5°. 
Anal. Calcd. for CiaHsPNOa: C, 6I.8O; H, 3.46. 
Found; C, 61.77; H, 3.52. 
4-t-Butylphenyl 4-nitrophenyl ether 
Benzene-hexane, mp 60.5-61.5°. 
Anal. Calcd. for C16H17NO3: C, 70.83; H, 6.32. 
Found: C, 70.83; H, 6.19. 
4-Nltrophenyl 4-phenylphenyl ether 
Benzene, mp 113-114°, lit. mp 120° (II8). 
Anal. Calcd. for CisHisNOs: C, 74.21; H, 4.50. 
Found: C, 74.37; H, 4.59. 
3-(4-N1trophenoxy)aniline 
Benzene, mp 78-79", lit. mp 80-8l° (119). 
4-(4-Nitrophenoxy)benzonltrlle 
Ethyl acetate, mp 159.5-l6l°. 
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Anal. Calcd. for C13H8N2O3: C, 65.00; H, 3.36. 
Found: C, 64.84; H, 3.40. 
3- ( 4-Nltrophenox.y) benzonitrlle 
Ethanol, mp 104,5-106°. 
Anal. Calcd. for CisHaNgOs: C, 65.00; H, 3.36. 
Pound: C, 64.99; H, 3.17. 
4-(4-Nitrophenoxy)aniline 
Ethanol-water, mp 132-133°, lit. mp 130-132° (120). 
3-(4-Nitrophenoxy)anisole 
Ethanol, mp 85-86°, lit. mp 86.5-87° (119). 
3-Bromophenyl 4-nitrophenyl ether 
Ethyl acetate-hexane, mp 52-53°. 
Anal. Calcd. for CiaHaBrNOa: C, 49.00; H, 2.74. 
Pound: C, 48.80; H, 2.73. 
3-t-Butylphenyl 4-nitrophenyl ether 
Hexane, mp 39-4o°. 
Anal. Calcd, for C16H17NO3: C, 70.83; H, 6.32. 
Pound: C, 70,59; H, 6.49. 
3-Chlorophenyl 4-nitrophenyl ether 
Hexane, mp 58-59°, lit. mp 6l° (121). 
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3-(4-Nitrophenoxy)benzotrifluorlde 
Ethanol, mp 59-60°. 
Anal. Calcd. for C13H8F3NO3: G, 55.13; H, 2.85. 
Found: C, 55.02; H, 2.86. 
3-Fluorophenyl 4-nitrophenyl ether 
Hexane, mp 70-71°. 
Anal. Calcd. for CiaHaFNGs; 6I.8O; H, 5.46. 
Found: C, 62.12; H, 5.50. 
4-Nltrophenyl 5-phenylphenyl ether 
Ethanol, mp 64-65°. 
Anal. Calcd. for C18H13NO3: C, 74.21; H, 4.50. 
Found: C, 74.59; H, 4.65. 
5-(4-Nltrophenoxy)phenyl phenyl ether 
Ethanol, mp 65-64®. 
Anal. Calcd. for C18H13NO4: C, 70.55; H, 4.26. 
Pound: C, 70.10; H, 4.l8. 
5-(4-Nitrophenoxy)phenol 
5-(4-Nitrophenoxy)aniline was treated with nitrous acid 
and the resulting dlazonium salt was hydrolyzed by the 
method of Vogel (122, p. 6l4). The product was recrystal-
llzed from ethanol, mp 95-96°, lit. mp 96-97° (125). 
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4 - ( 4-liritrophenox.y) phenol 
4-(4-Nitrophenoxy)anisole was dissolved in benzene and 
a three-fold excess of anhydrous aluminum chloride was 
added. The mixture was stirred at reflux for 12 hours and 
poured on ice. The layers were separated; the water layer 
was extracted with ether which was combined with the 
benzene. This solution was thoroughly extracted with 10^ 
sodium hydroxide solution. Acidification of this extract 
was followed by extraction with ether. The ether extract 
was dried (magnesium sulfate) and concentrated. The. product 
was twice recrystallized from chloroform-hexane, mp 170-
171°, lit. mp 173° (119). 
4-(4-Nitrophenoxy)benzotrifluoride 
4-Hydroxybenzotrifluoride was prepared by diazotizing 
4-aminobenzotrifluoride and hydrolyzing the diazonium salt 
by boiling it in dilute sulfuric acid (122). The acid was 
continuously extracted with ether for three days. Evapora­
tion of the ether extracts gave a quantitative yield of the 
crude phenol which was used directly in the preparation of 
the ether as previously described. The recrystallization 
solvent for the product was ethanol, mp 52-53°. 
Anal. Calcd. for C13H8P3NO3: C, 55.13; H, 2.85. 
Found: C, 55.38; H, 2.75. 
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4-(4-Nitrophenoxy)butyrophenone (XXXIIIa) 
4-Hydroxybutyrophenone was prepared by allowing n-
butyric acid to react with an equimolar amount of phenol in 
polyphosphoric acid (PPA). The reactants were heated 
together on the steam bath for 15 minutes and poured on ice. 
After hydrolysis of the PPA was complete the mixture was 
extracted with ether. The extracts were washed with sat. 
sodium bicarbonate solution and water, dried over magnesium 
sulfate, and concentrated on a rotary evaporator to yield a 
yellow oil which solidified on cooling. It was slurried 
with hexane and filtered, giving a 4o$ yield of crude 
product, mp 86®, lit. mp 92° (124), which was reacted with 
4-fluoronitrobenzene in the usual manner. The product was 
recrystallized from ethanol, mp 76-77°. 
Anal. Calcd. for C16H15NO4: C, 67.56; H, 5.30. 
Found; C, 67.54; H, 5.28. 
4,4'-Oxydibutyrophenone (XXXV) 
Diphenyl ether was treated with a two-fold excess of 
n-butyric acid in PPA as described by Brown and Capp (I25). 
The compound was recrystallized from methanol, mp 101-102°, 
lit. mp 102-103° (125). 
4,4'-Oxydivalerophenone (XXXVIl) 
n-Valeric acid was reacted with phenol in PPA in the 
same manner as for 4,4'-oxydibutyrophenone. The recrystal-
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lization solvent was ethanol, mp 97.5-99°, lit. mp 98-99° 
(125). 
4,4'-Dlbutyrophenone (XXXVl) 
Biphenyl was reacted with n-butyryl chloride in the 
presence of anhydrous aluminum chloride with carbon disulfide 
as the solvent in the method described by Long and Henze 
(126). Three recrystallizations from chloroform-hexane gave 
the product with a mp of 172-173°, lit. mp 174.2 (126). 
4,4'-Divalerophenone ( XXXVIIl) 
The procedure for preparing 4,4'-dibutyrophenone was 
followed for this compound using n-valeric rather than n-
butyric acid. Recrystallization was from benzene, mp 16I-
162°, lit. mp 163° (126). 
4-(4-Nitrophenoxy)valerophenone (XXXIIIb) 
4-Hydroxyvalerophenone was prepared by the same 
procedure used for 4-hydroxybutyrophenone and reacted with 
4-fluoronitrobenzene as usual. Ethanol was used to 
recrystallize the product, mp 54-55°. 
Anal. Calcd. for C17H17NO4; C, 68.21; H, 5.73. 
Found: C, 68.36; H, 5.69. 
1,4-Di-(4-nltrophenoxy)benzene ( XXIX) 
Hydroquinone (8.8 g) was dissolved in 100 ml of DM80 
and treated with l4 g of powdered potassium hydroxide and 
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l8 ml of 4-fluoronitrobenzene. This mixture was heated on 
the steam bath for 4-5 minutes and poured on ice. The solid 
which formed was collected by filtration and washed with 
10$ sodium hydroxide solution, water, and ether (to remove 
4-fluoronitrobenzene). Twenty-six grams of crude product 
was obtained. Recrystallization from dioxane gave pure 
product, mp 2)2-234°, lit. mp 232-2)4° (127). 
l,3-Di-(4-nltrophenoxy)benzene ( XXX) 
Resorclnol was reacted with potassium hydroxide and 
4-fluoronitrobenzene as described above. The product:was 
recrystallized from benzene-hexane, mp 117-119°. 
Anal. Calcd. for CisHiaNaOeJ C, 61.36; H, 3.44. 
Found: C, 61.32; H, 3.35. 
4-(4-Nitrophenoxy)phenyl phenyl ether 
4-Phenoxyphenol was prepared by hydrolyzing 4-phenoxy-
phenyl diazonium sulfate in the manner of Vogel (122, p. 
614). 
The crude phenol was reacted with 4-fluoronitrobenzene 
in the usual manner. The product ether was recrystallized 
from ethanol-water, mp 88-90°. 
Anal. Calcd. for CisHisNO*: C, 70.35; H, 4.26. 
Pound: C, 70.21; H, 4.37. 
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4-n-ValéryIphenyl 4-n-butyrylphenyl ether (XXXIX) 
n-Valeryl chloride (12 g, 0,10 mole) was added dropwise 
to a stirred solution of phenyl ether (21 g, 0.13 mole) in 
100 ml of carbon disulfide, with anhydrous aluminum chloride 
(13.2 g, 0.10 mole) present as catalyst. The mixture was 
stirred four hours, the solvent evaporated and the mixture 
poured on ice and extracted with ether. The extracts were 
washed with 10$ sodium hydroxide solution and water, dried 
(magnesium sulfate), and concentrated to give a two-
component oil (by tic). The oil was chromatographed on 
silica gel with carbon tetrachloride elution. Three grams 
of pure (by nmr) 4-phenoxyvalerophenone was obtained after 
unreacted phenyl ether had been eluted. 
The compound gave the following nmr spectrum: ô 1.0, 
t, 3H; 1.2-2.0, m, 4h; 2.8, t, 2H; 6.7-7.9, m, 9H. 
The mono-substituted ether was mixed with an equimolar 
amount of n-butyric acid in PPA, heated ( steam bath) for 30 
minutes and poured on ice. The solid which formed was 
collected and washed with 10$ sodium hydroxide solution and 
water. Ethanol was used as the recrystallization medium, 
mp 86-87°. The nmr spectrum had the following resonances: 
Ô 1.0, perturbed t, 6H; 1.2-2.0, m, 6H; 2.9, t, 4H; 7.1, d, 
4H; 8.0, d, 4H. 
Anal. Calcd. for C21H24O3: C, 77.75; H, 7.46. 
Found: C, 78.01; H, 7.58. 
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5>5-Dinltrophenyl 4-nitrophenyl ether (XXVlll) 
3,5-Dinitrophenol was prepared from 3,5-dinitroanisole 
by the method of Sidgwick and Taylor (128). 
The crude phenol was reacted with 4-fluoronitrobenzene 
as previously described. The product was recrystallized 
from ethanol, mp 144,5-1^5.5°. 
Anal. Calcd. for C12H7N3O7: C, 47.22; H, 2.31. 
Found: C, 47.14; H, 2.26. 
3-(4-Nitrothiophenoxy)aniline 
Sodium S-3-nitrophenyl thiosulfate was prepared by the 
method of Lecher and Hardy (129). A mixture of 12.4 g of 
sodium bisulfite, 10 ml water, 9.2 g bis-(3-nitrophenyl)-
disulfide, and I50 ml of methanol was stirred at reflux two 
hours. Sodium hydroxide (1.2 g) was added to convert 
excess sodium bisulfite to sodium sulfite. The mixture was 
filtered at room temperature and the residue was washed with 
50 ml of methanol. The combined filtrates were evaporated 
and the residue was treated with 200 ml of dry methanol. 
Filtration and removal of the methanol yielded the product 
as a light-brown solid. 
+ 
NO2 
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Six grains of this material was mixed with 75 ml of 
concentrated hydrochloric acid and stirred vigorously over­
night. An oil separated during this operation. The 
mixture was poured on ice and extracted with benzene. The 
extracts were dried (magnesium sulfate) and concentrated, 
leaving a yellow oil. The mass spectrum of this compound 
indicated that it was m-nitrothiophenol, slightly contami­
nated with the corresponding disulfide. 
m-Aminothiophenol was prepared by the method of Vogel 
(122, p. 563). Six grams of m-nitrothiophenol and eleven 
grams of granulated tin were mixed and 25 ml of concentrated 
hydrochloric acid added in portions with shaking and cooling. 
After completion of the reaction, the mixture was poured 
into water and neutralized with sodium hydroxide. Steam 
distillation was followed by saturation of the distillate 
with sodium chloride and two extractions each with benzene 
and ether. The combined extracts were dried (magnesium 
sulfate) and concentrated, leaving 370 mg of light-yellow 
oil. The mass spectrum contained a molecular ion at m/e 
125. 
This compound (370 mg) was dissolved in 10 ml of 
absolute ethanol and treated with 70 mg of sodium in small 
portions. When all of the sodium had dissolved, 0.3 ml of 
4-fluoronitrobenzene was added and the mixture was stirred 
at reflux for five hours. The mixture was poured on ice and 
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extracted with ether. The extracts were washed with water, 
dried over magnesium sulfate, and concentrated. The solid 
which remained (300 mg) was recrystallized from ethanol-
water, mp 94-96°. Mass spectrum: at m/e 246. 
Anal. Calcd. for CiaHioNaOaS: C, 58.52; H, 4.09. 
Found; C, 58.60; H, 4,12. 
4-(4-t-Butylphenoxy)butyrophenone ( XL) 
Diphenyl ether was alkylated with t-butyl chloride in 
carbon disulfide in the presence of aluminum chloride. The 
2-phenoxy-t-butylbenzene was contaminated with a small amount 
of diphenyl ether which could not be separated. 
The product was treated with valeryl chloride and 
aluminum chloride in carbon disulfide. The crude product 
was chromatographed on silica gel. Elution with hexane 
yielded £-phenoxy-t-butylbenzene. A 95^ hexane-5$ ethyl 
acetate mixture eluted the product which was slightly 
contaminated with 4,4'-oxydibutyrophenone. 
Organosulfur Compounds 
Ihe following compounds were obtained from Dr. Leo 
Ochrymowycz and the procedures for their preparation are 
available (94): 
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a-(Methylsulfinyl)proplophenone (LVIl) 
a-{Methylsulfonyl)propiophenone (LVIIl) 
to-( Methylsulfenyl) acetophenone ( Ll) 
Methyl-(a-phenylstyryl)sulfoxide ( iXVIIl) 
Methyl-(a-phenylstyryl)sulfone (LXXl) 
Methyl-(a-methyIstyryl)sulfoxide (LXVl) 
Methyl-(a-ethylstyryl)sulfoxide (LXVIl) 
Methyl-{p-methyIstyryl)sulfoxide (LXV) 
Methyl-{0-methylstyryl)sulfone ( LXX) 
Methyl phenethynyl sulfoxide ( LXXVIIl) 
Methyl phenethynyl sulfone (LXXIX) 
ou-(Methylsulf inyl) acetophenone ( XLIa) 
Ihe procedure of Corey and Chaykovsky (130) was followed. 
A one-liter three-necked flask was equipped with stirrer, 
condenser, and pressure equalizing addition funnel. The 
apparatus was flame dried and all operations were conducted 
under nitrogen. A mineral oil dispersion of sodium hydride 
(4-7 g, 53^ NaH, ca. 1.0 mole) was added to the flask and 
washed three times with pentane. One pint of freshly opened 
DMSO was added slowly and the mixture was heated two hours 
at 65° to form the dimsyl anion. Ethyl "benzoate (70 ml, ca.. 
0.5 mole) was added dropwise to the cooled solution. The 
mixture was stirred six hours at room temperature and poured 
on ice. Acidification with hydrochloric acid was followed 
1^ 4 
by extraction with chloroform. The extracts (ca. 1300 ml) 
were washed with water, dried over magnesium sulfate, and 
concentrated. Œhe oil which remained was taken up in 
chloroform and treated with hexane to effect crystalliza­
tion. The product (50 g) was collected by filtration, mp 
83.5-84.5°, lit. mp 86-86.5° (130). 
UP,uj-Dideuterio-uu-(methylsulfinyl)acetophenone (XLIb) 
One gram of u)-( methylsulf inyl) acetophenone was dis­
solved in 50 ml of deuterium oxide. A trace of potassium 
carbonate was added, the mixture was stirred for one hour, 
then thoroughly extracted with chloroform. The extracts were 
dried over magnesium sulfate and concentrated. The product 
was slurried with cold ether and filtered, mp 80-83°. Low 
voltage mass spectra showed the deuterium content to be as 
follows: do, 3.5$; di, 18.9^; da, 77.6^. 
UP-( Methyl-da-sulfinyl) acetophenone ( XLIc) 
DMSO-da (10 ml) was reacted with sodium hydride (0.5 g). 
The dimsyl-de sodium was treated with ethyl benzoate and 
worked up as usual. The product was exchanged in water 
containing a trace of potassium carbonate to give u)-(methyl-
da-sulf inyl) acetophenone, mp 83-85°. Deuterium content; dg, 
3.7*; da, 96.3^. 
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u)-(Methylsulfonyl) acetophenone ( XLVl) 
u)-(Methylsulflnyl) acetophenone (1.8 g) was dissolved in 
10 ml of glacial acetic acid. Five ml of 30^ hydrogen 
peroxide was added and the mixture was heated 30 minutes on 
the steam bath. After standing 12 hours at room temperature, 
the mixture was poured into water and extracted with chloro­
form. Ihe extracts were dried (magnesium sulfate) and 
concentrated. The solid which remained was recrystallized 
twice from ethyl acetate-hexane, mp 100-101°, lit. mp 106-
107° (131). Another recrystallization from ethanol-chloro-
form did.not raise the melting point. The reason for the 
low melting point is not known, since the compound was pure 
by tic and spectral criteria. Ir; 5.97 p, ( G=0) ; 7.70 and 
8.68 u (-SO2-). Nmr: 6 3.1, s, 3H; 4.6, s, 2H; 7.4-8.1, 
m, 5H. 
ou-Methoxyacetophenone (L) 
This compound was purchased from Aldrich Chemical Co. 
and purified by preparative vpc (SE-30 column, 175°). 
uu- ( Benzylsulfenyl) acetophenone ( LIIl) 
The sodium salt of benzyl mercaptan was prepared by 
adding 36 g of the mercaptan to a solution of 10 g of sodium 
hydroxide in 40 ml of water. The solution was cooled and 
stirred vigorously while 39 g of w-chloroacetophenone was 
added. The mixture solidified and was extracted with ether. 
136 
The ether was washed with 10$ hydrochloric acid and water, 
dried (magnesium sulfate), and concentrated. A yellow 
solid remained (38 g). Recrystallization from ethanol gave 
the product, mp 85-87®, Nmr: 6 3.6, s, 2H; 3.7, s, 2H; 
7.2-8.0, m, lOH. 
LIII was reduced to the g-hydroxy sulfide, LXXXV, by 
sodium borohydride. Fifteen grams of LIII was dissolved in 
150 ml of hot methanol. Sodium borohydride (1.0 g) was 
added in portions to the hot solution, A vigorous reaction 
ensued. Since part of the reducing agent probably reacted 
with the hot methanol, the mixture was allowed to stand 
overnight and another gram of sodium borohydride was added. 
The mixture was stirred for six hours and concentrated. 
Two hundred ml of water was added and the mixture was 
extracted with ether. The extracts were dried over magnesium 
sulfate and concentrated. The solid which remained was 
recrystallized from benzene-hexane, 13 g, mp 45-48°, Nmr: 
Ô 3.6-3.8, m, 2H; 2.98, s, IH (OH); 3.7, s, 2H; 4.7, q, IH; 
7.3, s, lOH. Mass spectrum: M"*" at m/e 274. 
u) - ( Benzylsulfinyl) acetophenone ( LIV) 
The g-hydroxysulfide was converted to 3-hydroxysulfoxide, 
LXXXYI, with m-chloroperbenzoic acid, LXXXV (2.6 g, 10 mmole) 
was dissolved in 50 ml of chloroform and 1.72 g (10 mmole) 
of m-chloroperbenzoic acid was added in portions to the 
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cooled, stirred solution. The mixture was allowed to stand 
overnight (refrigerator), then washed with sat. sodium 
bicarbonate solution and water, dried over magnesium 
sulfate, and concentrated. The white solid which remained 
was recrystallized from ethyl acetate-hexane, mp 115-155° 
(diastereomers). Ir; 5.08 n (-0H); 9.5^ (-SO-). 
One hundred milligrams of LXXXVÏI was dissolved in 10 
ml of acetone and activated manganese dioxide (l.O g) (152) 
was added. The mixture was allowed to stand for six hours 
with occasional shaking and then was gravity filtered. The 
precipitate was washed with 50 ml of acetone and the 
combined filtrates were evaporated. The product was 
recrystallized from chloroform-hexane, mp 150-152°. Ir: 
5.98 n (C=0); 9.64 u (-80-). 
u) - ( Benzylsulfonyl) acetophenone ( LIl) 
One gram of LXXXVII was dissolved in 25 ml of glacial 
acetic acid and five ml of 50^ hydrogen peroxide was added 
slowly. The mixture was allowed to stand overnight, then 
poured over ice and filtered. The white crystals were 
recrystallized from acetone-water, mp 179.5-180.5. Œhe ir 
spectrum of the p-hydroxysulfone had the following absorp­
tions: 2,89 (-0H); 7.75 and 8.92 n (-8O2-). 
The g-ketosulfong, LII, was prepared by manganese 
dioxide oxidation of the p-hydroxysulfone. Recrystallization 
from chloroform-hexane gave LII, mp 108-110°. 
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Anal. Calcd. for C15H14O3S: C, 65.67; H, 5.14. 
Found: C, 65.42; H, 5.03. 
g-( MethylsulfInyl)butyrophenone (LV) 
To 1.08 g of sodium methoxide in 50 ml of dry THF was 
added 3.6 g of uu-(methylsulfinyl)acetophenone in 20 ml of 
THF. Ihe mixture was heated at reflux for 30 minutes. Two 
ml of ethyl iodide was added and the reaction was maintained 
at reflux overnight. The mixture was poured over ice and 
extracted with chloroform. The extracts were dried 
(magnesium sulfate) and concentrated. The oil which 
remained was chromatographed on silica gel and developed 
with ethyl acetate. Two unidentified by-products were 
eluted before the product was obtained as a colorless oil. 
Nmr; 6 I.08, t, 3H; 2.1, m, 2H; 2.5, s, 3H; 4.6-4.9, m, IH; 
7.4-82., m, 5H. 
g-( Methylsulfonyl)butyrophenone ( LVl) 
a-(MethylsulfInyl)butyrophenone was oxidized with 
hydrogen peroxide in the usual manner. The product was 
recrystallized from ethyl acetate-hexane, mp 111-112°. Nmr; 
6 1.0, t, 3H; 2.3, quintet, 2H; 2.9, s, 3H; 4.8 t, IH; 7.4-
8.2, 51. 5H. Ir: 5.96 n (C=0); 7.76 and 8.73 |i (-so2-). 
Anal. Calcd, for C11H14O3S; C, 58.38; H, 6.24. 
Pound: C, 58.22; H, 6,23. 
Methyl styryl sulfoxide ( LIX) 
lu-(Methylsulfinyl) acetophenone (15 g) was dissolved in 
50 ml of water and cooled with an ice-bath. One gram of 
sodium borohydride was added in portions, the mixture was 
stirred two hours at room temperature and then thoroughly 
extracted with chloroform. The extracts were dried over 
magnesium sulfate and concentrated. The oil which remained 
was crystallized from benzene-hexane (13.5 g), then recrystal-
lized from ethyl acetate, mp 78-IO5® (diastereomers), lit. 
mp 78-123° (91). 
This 0-hydroxysulfoxide (9.2 g, O.O5 mole) was dis­
solved in 100 ml of dry THF. This solution was added to a 
slurry of sodium hydride-mineral oil (2.0 g, 53^  NaH) in 25 
ml of THF. The mixture was stirred 30 minutes at room 
temperature and 7.1 g (O.05 mole) of methyl iodide was 
added. Stirring was continued for 30 minutes, methanol was 
added to quench excess sodium hydride, and the mixture was 
concentrated. The oil that remained was taken up in ether, 
washed with water, dried (magnesium sulfate) and reconcen-
trated. The p-methoxy sulfoxide was a light brown oil. 
Elimination of methanol from the p-methoxy sulfoxide 
was accomplished by heating with sodium hydride. To a 
suspension of one gram of sodium hydride in 25 ml of dry 
THF was added a solution of the p-methoxy sulfoxide (3.4 g) 
in 50 ml of THF. The mixture was heated at reflux one hour. 
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poured Into water, and extracted with chloroform. The 
extracts were dried over magnesium sulfate and concentrated, 
leaving a light brown oil. The oil was taken up in ethyl 
acetate and enough hexane added to induce clouding. 
Chilling caused the product to separate as white crystals 
which were recrystallized from ether, mp 61.5-65°, lit. mp 
61-62° (91). 
Methyl-da-(g-deuteriostyryl)sulfoxide (LXIII) 
One gram of methyl styryl sulfoxide was dissolved in 
10 ml of dioxane and mixed with 10 ml of deuterium oxide in 
which 0.5 g of sodium had been dissolved. This mixture was 
heated at reflux 12 hours and concentrated. The residue was 
taken up in chloroform. The chloroform solution was dried 
(magnesium sulfate) and concentrated. The solid which 
remained was recrystallized from ether, mp 62-65°. Deuterium 
content; da, 1.10; da, 10.90; d*, 88,00. 
Methyl-(g-deuteriostyryl)sulfoxide (LXII) 
This compound was prepared in three steps from uu-
(methylsulfinyl)acetophenone as previously described. Sodium 
borodeuteride was used in the initial step to effect the 
labelling. The melting point of the product was 62-64°. 
Deuterium content: do# 4.70; di, 95.30. 
l4l 
Methyl-d3-(a,g-Qlldeuterlostyryl) sulfoxide ( LXIV) 
LXII was exchanged with sodium in deuterium oxide as 
previously described. The melting point was 6^ -64°. 
Deuterium content: di, 1.6$; d4, 8.1$; ds, 90.5$. 
Methyl styryl sulfone 
Methyl styryl sulfoxide (LIX) was oxidised with 30$ 
hydrogen peroxide in the usual manner. The product was 
recrystallized from ethanol, mp 76-78°, lit. mp 77-79° (91). 
Methyl phenylthiolacetate (LXl) 
Phenylacetic acid was treated with excess thionyl 
chloride and the mixture was heated 30 minutes (steam bath). 
Unreacted thionyl chloride was removed on the rotary 
evaporator and the crude acid chloride was dissolved in 
dichloromethane. A dry ice-acetone condenser was attached 
to the flask and methyl mercaptan (excess) was added while 
nitrogen was swept through the system. The mixture was 
stirred two hours, methyl mercaptan and dichloromethane were 
removed at aspirator vacuum, and the residue was taken up in 
ether. The ether solution was washed with sat. sodium 
bicarbonate solution and water, dried (magnesium sulfate), 
and concentrated. The pure product was obtained by distil­
lation at 120-121° (14 mm), lit. bp 126° (11 mm) (133). 
Nmr; 5 2.1, s, 3H; 3.7, s, 2H; 7.2, s, 5H. 
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Phenyl styryl sulfoxide (LXXII) 
Phenyl styryl sulfide was prepared in 90$ yield by the 
reaction of phenylacetylene with thiophenol in the method 
of Oswald, ^  (154). The material was ca. 50:50 
cis; trans according to the nmr spectrum (134). Attempts to 
prepare a solid sulfoxide from this mixture failed, so 
preparation of a pure isomer was attempted. 
The mixture of cis: trans isomers described above was 
heated overnight at ca. 80® in heptane with a trace of 
thiophenol. Removal of the heptane showed that the 
trans :cis ratio had increased to 2.5:1 (nmr). This opera­
tion was repeated twice more to give a phenyl styryl sulfide 
mixture which was 85$ trans. This was chromatographed on 
silica gel and eluted with hexane. 
This material was oxidized with an equimolar amount 
of m-chloroperbenzoic acid in the usual manner. The crude 
product was chromatographed on silica gel. Elution with 
hexane gave a small amount of unreacted sulfide and ethyl 
acetate eluted the sulfoxide. The sulfoxide was ca. Q9% 
trans isomer (nmr). One vinyl proton was hidden by the 
aromatic proton absorptions, but the other proton appeared 
as a doublet (J = 15.5 Hz, trans) at ô 6.8 and another doublet 
(j = 11.0 Hz, cis) at 6 6.4. 
Crystallization occurred when the oil was taken up in 
ethyl acetate, hexane added to cloudiness, and chilled. 
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The rnir spectrum indicated this material was 100# trans 
sulfoxide. Three recrystallizations from ethyl acetate-
hexane resulted in material with a melting point of 60-
61.5°. According to the mass spectrum the product was 
slightly (<5^ ) contaminated with M + I6 material (probably 
sulfone). Ir: 9.63 ^  (-SO-). 
Phenyl styryl sulfone (LXXlIl) 
Phenyl styryl sulfide (ca. 50:50 cis: trans) was 
oxidized with 30^  hydrogen peroxide in the usual manner. 
The product was an oil which crystallized after two weeks 
in the refrigerator. The product was recrystallized from 
ethyl acetate-hexane, mp 72.5-74°, lit. mp 74-75° (trans) 
( 135). 
4-Bromophenyl styryl sulfoxide (LXXV) 
Phenyl acetylene and p-bromothiophehol were reacted as 
described in the literature (134). The sulfide was 
recrystallized from heptane, mp 73-75°, lit. mp 74-76° (cis) 
(134). The nmr spectrum was identical to the published 
spectrum of the trans isomer (134). 
Oxidation with m-chloroperbenzoic acid in the usual 
manner gave a solid which was recrystallized from benzene-
hexane, mp 100-101°. Ir : 9.62 |i (-SO-). 
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4-Broinophenyl styryl sulfone (LXXVl) 
4-Broinophenyl styryl sulfoxide was oxidized with 
hydrogen peroxide as usual. The product was recrystallized 
from ethanol-water, mp 99-100°. Ir: 7.62 and 8.78 la 
(-so2-)* 
Anal. Calcd. for CiiHiiBrOgS: C, 52.02; H, 3.45. 
Found: C, 52.03; H, 3.31. 
4-Nitrophenyl styryl sulfone (LXXVll) 
The sulfide was prepared as follows: p-nitrothiophenol 
(7.75 g) was mixed with five ml of phenylacetylene and a 
trace of 2,2'-azo-bis-isobutyronitrile in 80 ml of benzene. 
This mixture was heated at reflux for 24 hours. Thorough 
extraction with 10^  sodium hydroxide solution was followed 
by washing with water, drying (magnesium sulfate), and 
concentration. The brown solid (4.0 g) was slurried with 
ethanol and filtered, mp 93-100°. Recrystallization 
(acetone-water) did not change the melting point. The mass 
spectrum contained an ion at m/e 308 (probably M"*" of the 
disulfide). Ir: 6.64 and 7.51 ^  (-no2). 
Oxidation with hydrogen peroxide in the usual manner 
gave 4-nitrophenyl styryl sulfone. Ethanol was the 
recrystallization medium, mp 119-121°. No ions higher than 
m/e 300 were observed in the mass spectrum. Ir: 6.55 H 
(-no2); 8.78 n (-so2-); 7.42 n (-no2 or -so2-); 7.73 n 
(-so2- or -no2). 
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Anal. Calcd. for C14H11NO4S: C, 58.12; H. 2.83. 
Found: C, 58.09; H, 3.78. 
Phenyl phenethynyl sulfone ( LXXX) 
The sulfide was prepared by bromination and double 
dehydrobromination of phenyl styryl sulfide. 
Phenyl styryl sulfide was dissolved in carbon tetra­
chloride and treated with an equimolar amount of bromine in 
carbon tetrachloride. After six hours of stirring at room 
temperature, sodium bisulfite solution was added until the 
bromine color disappeared. The solution was washed with 
water, dried (magnesium sulfate), and concentrated, leaving 
a green oil. This oil was heated at reflux for one hour 
with an excess of potassium hydroxide in 95$ ethanol. 
Concentrated hydrochloric acid was added to neutralize the 
base and the mixture was filtered. The filtrate was concen­
trated, water was added to the residue followed by extraction 
with ether. The extract was washed with water, dried 
(magnesium sulfate), and concentrated. Distillation gave a 
ca. 10$ yield of phenyl phenethynyl sulfide, bp 127° (0.3 mm), 
Ir: 4.63 u (-0=0-); lit. bp 155-170° (2.5 mm), Ir: 4.65 n 
(136). 
The sulfide (0.42 g, 2 mmole) was dissolved in 10 ml of 
chloroform, cooled, and treated with O.69 g (4 mmole) of m-
chloroperbenzoic acid in 20 ml of chloroform. After seven 
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days of refrigeration the mixture was extracted with sat. 
sodium bicarbonate solution and water, dried (magnesium 
sulfate) and concentrated. A light-yellow oil which 
crystallized on cooling was the product. The sulfone was 
recrystallized from ethyl acetate-hexane, mp 71-73°, Ir: 
4.59 n (-CSC-); 7.57 and 8.66 ^  (-SO2-); lit. mp 73-74°, 
Ir: 4.65 ki (1)6). 
Methyl propenyl sulfoxide ( LXXXl) 
Methyl propenyl sulfide was prepared from allyl methyl 
sulfide by the procedure of O'Connor and Lyness (137). 
The sulfoxide was prepared by oxidation of methyl 
propenyl sulfide in the usual manner with m-chloroperbenzoic 
acid. The nmr spectrum was identical to the literature 
spectrum (137). 
Methyl propenyl sulfone (LXXXIl) 
Methyl propenyl sulfide was oxidized with hydrogen 
peroxide to give the desired product with the same nmr 
spectrum as reported previously (137). 
Allyl methyl sulfoxide (LXXXIIl) 
Allyl methyl sulfide was oxidized with m-chloroper­
benzoic acid as usual. The compound had the same nmr 
spectrum as previously prepared material (137). 
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Ally! methyl suifone (LXXXIV) 
Allyl methyl sulfide was oxidized with hydrogen 
peroxide to give a product whose nmr spectrum was identical 
to the literature spectrum (137). 
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APPENDIX 
Suggestions for Further Research 
Charge localization and transfer 
In view of the apparent transmission of electronic 
effects through sulfur in thioethers, it is desirable that 
other thioethers with electron-donating groups such as 
hydroxy and methoxy on ring B be prepared. The question of 
charge localization vs_. resonance stabilization of the 
product ion might be clarified with these compounds. 
It would be interesting to know the IP of the mole­
cules and the AP of NO» loss in the ethers studied, but a 
source with a more monoenergetic electron beam is needed. 
The IP's of these compounds will be difficult to determine 
in any case since they are all solids. 
Rearrangements in g-ketosulfoxides and g-ketosulfones 
One more attempt to observe competitive olefin and 
sulfine loss from the same molecule might be made with 
methylsulfinylmethyl n-propyl ketone. A similar compound 
has been prepared (l5l) and the synthesis by the reaction 
of dimsyl anion with ethyl butyrate should be straight 
forward. 
CHsfCHsjgCOCHsSOCHa 
162 
Since the loss of sulfene from methyl sulfonates has 
been suggested, it would be of interest to observe the 
spectrum of phenyl methyl sulfinate to see if sulfine loss 
occurs readily, as would be expected. 
Ihe McLafferty rearrangement corresponds to the photo­
chemical Norrish lype II rearrangement and it would be 
interesting to determine whether the rearrangement would 
occur in molecules where the expelled fragment is a 
sulfine or sulfene. The rearrangement has been observed 
upon photolysis of p-ketoethers (158), and p-ketothioethers 
(139). One attempt to observe sulfene formation by 
photolysis of a p-ketosulfone was not successful (l4o), but 
it seems that further effort would be worthwhile. 
Further studies on the 120 —^ > 91 process would be 
desirable, since the acetophenone enol ion loses CHO* in 
some instances, but noti in others. 
Rearrangements in unsaturated sulfoxides and sulfones 
The question of C-0 bond formation in allylic sulfoxides 
and sulfones should be investigated more thoroughly with 
16:) 
additional compounds. Allylic sulfoxides are racemized 
through sulfenate intermediates (6o) and the preliminary 
results given in this thesis indicate that sulfenate ions 
may be a product of rearrangement in mass spectral ions. 
The photolytic and pyrolytic behavior of organic mole­
cules often resembles their behavior upon electron impact. 
The styryl sulfoxides, which appear to form benzofuran 
molecular ion in the mass spectrometer, might yield this 
species upon photolysis or thermolysis. 
The nature of the m/e 89 ion should be investigated 
more thoroughly by thermochemical and labelling data to 
determine its structure. 
Of limited Interest is the origin of the carbon atom 
that is lost as CO from styryl sulfoxides. Labelling with 
will be necessary to make an unambiguous assignment. 
